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ABACUS. 

The abacus, or instrament for counting, has been developed into many commercially useful 
forms, the more prominent of which are, mechanical devices, such as fure-counters, for checking the 
receipt of numerous small sums of money, revolution and spood counters necessitated by the present 
extended use of machinery, and the slide rule, 

Fare-Counters.—T ho introduction of strect tramway systems has given impetus to inventive ideas 
as to methods of checking the amounts of the fares reecived by the conductor. Many of these 
inventions are merely duplications of former ideas; the illustrations in tho subsequent descriptions 
are therefore to be considered typical. Following the division laid down in the article on this 
subject contained in the first division of thig Dictionary, the various typical inventions may be con- 
sidered under the heads of Counters, Recording Counters, with Caeck Systens, The last head searecly 
includes methods sufficiently related to Engineering to call for description in this work, and. these 
may be but shortly dealt with, 

Check Systens,—Check systoms include the use of coupons, whether thoso are tickets numbered 
consecutively, or counterdises variously engraved, or balls of different diameters. One of the 
simplest chock systems is that introduced by J. Waworth, in 1867, the conductor being provided 
with a box containing coils of tickets conscentively numbered, cach ticket being torn off when paid 
for, or issued to the passenger. Longer and shorter distances, to which correspond different fares, 
require a separate coil for cach difference in fare, This system is the simplest mechanical ex- 
tension of the counterfoil check, which leuves «a foil in a tieket-book for every ticket issued to a 
passenger, A modification of this plan was introduced by J. H. Betterley and W. Davidson, in 
1874, who devised that by the depression of a lever, a certain length of chemically prepared paper 
should be thiown forward from @ box containing tho roll. The paper being prepared with nitrate 
of silver, or othorwise made sensitive to the action of light, became discoloured and could not be 
again used; the length of the paper strip checked the amount of fares reecived. An improvement 
upon this roll-ticket system was invented in 1873, by J.T. Parlour, who attached to the spindie of 
the paper-roll suitable gearing in connection with an indicating or registering apparatus. 

Another species of check system is that in which counter-tickets varionsly engraved with the 
different distances or fares are employed, or instead of engraved tickets, tickets or balls of different 
sizes are used. Sometimes these representations of fares paid arc dropped into a proper receiving 
chamber by the passenger, or by the conductor in presence of the passenger. The modifications of 
this principle are very numerous, but none appear to have received general application, for which 
the reasons aro sufficiently obvious, Analogous to this system is that of so-culled safety fare-boxes, 
which are money-boxes with different compartinents and openings for the receipt of the proper fares 
to be introduced by the passengers. In sume cases these boxes have been provided with apparatus 
to indicate whether the box has been inverted, for the purpose of abstracting moncy. An 
improvement on the foregoing principles was institute: by H. A. Walker, in 1872, in which the 
checks are enclosed in a tube or chamber, a handle drawn forward by the money-taker brings out 
the bottom check, and the number of checks issued is indicated on a counting apparatus, An 
improvement on the fare-box principle was introduced in 1877 in Muglanud, as the invention of 
G. Beadle, of America; in this the moncy or ticket dropped into the box is stopped in its prssaze 
by a slide, the withdrawal of which causes an alarm to sound and actuatos a register. 

Other check systems have for their representative the way-bill, or paper form on whieh the 
conductor scores within the passenger's view the amouut and number of fares he has received. ‘To 
prevent fraud by the obliteration of these entries, a device was introduced in 1877, by Kennedy 
and Anderson, which consisted in placing the way-bill between two perforated hinged slabs of wood 
or iron, the way-bill being perforated to correspon] with tho perforations against which the price 
is marked, in the slabs, as the fures aro paid. 

Simple Fare Counters or Indicutors.—The earlier inventions for chocking the amount of fare paid, 
or to be paid, appear chiefly to be intended for application to c.bs, cither tu inform the hirer how 
much he ought to pay, or the distance he has traversed, or to inform the proprictors the distance 
the cab has run under hire during tho day, and the amount due to them for farcs, For these 
purposes, A, Sutton, in 1862, devised an indicator with double set of index-hands, and a divided dial 
in gearing with the wheels of the cab. The mechanism, of the ordinary character obtaining in 
indicators driven by gearing, and consisting of a suitable train of wheels, is contained in a box 
or case mounted upon a shaft, so as to be capable of being turned to show the words Hired or 

Pig Hire. In the position when the word Hired is shown, the train of the indicator is thrown 
nto gearing, and the distance traversed by the wheel recorded; bringing the words For Hire 
into view, causcs the indicator to be thrown out of action. As the passenger would desire to 
know the distance travelled, his interference would be sufficient guarantee to the proprictor that 
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the cab had not run whilst the words For Hire were shown. This invention may be taken as 
the type of a considerable number of devices for the same purpose. But for the purposes of indicating 
the number eae entering vehicles, such as omnibuses and tram-cars containing more than one 
fare, some modification becomes necessary, as the end required is not only the distance travelled, 
but also to know the number of travellers. There apones ilies rinciples underlying the inventions 
for this purpose, that is, the inventor has availed himself of the use of a turnstile at the entrance 
or exit, or at both, or of the use of a movable step, which, in connection with certain gearing 
recorded the act of stepping into and from the vehicle, or of a seat arranged so that the weight of 
the passenger should cause a record. In a few inventions these three principles are combined. 
The other methods devised leave greater reliance to be placed upon the conductor’s performance of 
his duty, and as they are somewhat various are better separately described. 

In 1878, M. A. Weir introduced the use of a turnstile, a cam on the shaft of which communi- 
cates pressure to a bellows, and thus, by tubing, pneumatically conveys tu a dial impulses, registering 
the number of turns caused by the entrances and exits of passengers. The indicator-dials aro as 
numerous as there may be stations or differences of fare, and changes are effected by a worm-wheel 
in gearing with the wheels of the vehicle, so that shortly before arriving at a piven station or 
distance, the proper dial is brought into play. In the case of tramways a rise or projection in the 
road causes this change of indicator. In 1874, J. Robertson devised the improvenient of a movable 
step, placed at such a height that the passenger is compelled to step upon it when entering or 
leaving the vehicle. By a simple shaft and mechanism, the depression of the step or platform is 
communicated to a dial, upon which is indicated the number of depressions. As, however, indica- 
tion upon a dial would be obviously inferior to a graphic or printed record, most inventors have 
turned their attention to the construction of permanently recording instruments, and these will be 
found described under the head of registering or recording counters. 

Counters actuated by the conductor or person in charge of the vehicle, may be represented by 
the invention of W. Thomas in 1867, in which an operating handle is placed at any convenient 
part of the omnibus, preferably at the back near to the step on which the conductor stands. From 
this handle motion is conveyed by rods to the registering apparatus, the indicating dials of which 
are placed in view of the passengers, and to a signal bell or gong. The operating handle is fitted 
in a slot, and is pushed or made to slide to one end to register one; a spring or balance weight is 
provided to bring it back into position for the next movement. The motion being conveyed to the 
registering apparatus by shafting, a trigger or trip-piece there sounds a bell. This trigger takes 
into the teeth of a whoel on a shaft, and causes both it and the shaft to make one-tenth of a 
complete revolution. ‘This shaft is in the centre of the registering apparatus, and is fitted with 
a ratchet wheel in which a pawl falls to prevent it from moving backwards. A disc on which 
numerals are formed, is also secured on the shatt, and moves with it, so that each successive figure 
is made to move round opposite to a glazed opening large enough to allow only one figure to be 
seen at atime. In 1869, H. Grothe introduced a more complicated system of levers and dials, 
to indicate the changes arising from difference in fares. 

Registering, or Recording, Fare-Counters.—In 1862, W. J. Curtis devised a cab-register, which 
includes a packet of cards having printed on them a graduated dial. Hach passenger receives a 
ecard, which is placed upon a revolving table in the recording apparatus in connection with the 
wheels of the cab. Upon starting the card is punched, and upon removing it, it is again punched, 
and the distance between the two nicks shows the distance travelled. The punch in the second 
nicking strikes out the centre of the card and discharges this into a receiver. This punched-out 
portion bears a counterpart of the nicks on the portion retuined by the passenger, and therefore 
shows the amount of the fare chargeable to the passenger. In 1863, P. Gaskell invented a system 
in which motion is also taken from the wheels of the cab, to a toothed wheel turning frecly on an 
axis, which passes through the centre of @ dial-plate, and has attached a hand or pointer. This 
axis carries at its other extremity a small punch, which is presented to a dise of paper cor- 
responding to the dial-face. The punch pierces the paper at starting and stopping of the 
vehicle; and a radial movement given to the punch prevents its piercing the disc twice in the 
same place. In 1867, W. Cooke devised a system, utilizing the three chief operating means or 
agents, the motion of the vehicle itself, the weight of each passenger whien sented, and the weight 
of cach passenger whilst passing on to, or off from the vehicle. Motion is taken from the hub of 
the whecl, or from any other rotating part, and conveyed to a drum or roller. This drum or roller 
gives motion to a band of papcr, on which the diagram or register is to be made by a number of 
pencils, one of which is in communication with each seat. When a passenger sits down, the seat 
is depressed, and the motion communicated to the pencil to make or break contact of the pencil with 
the paper, and so make a line, either during the time the passenger is seated, or when the scat is 
unoccupied. In detail, the cushions of the seats are made air-tight, and each one is placed in 
communication with a small closed inflatable ball, placed near the drum and paper. When a 
passenger sits down, the cushion of the seat occupied is compressed, and the air forced therefrom 
into the ball or vessel, which is expanded ; this raises the pencil, which is balanced on a fixed joint, 
from contact with the paper, and so leaves the paper in blank as long as the seat isoccupied. The 
moment the seat is vacated, contact takes place, and s line or mark is made as long as the vehicle 
continues in motion. To provide a check, so as to show that contact was made or broken by a new 
passenger, and not simply by the same passenger rising up and sitting down again, a movable step 
is constructed on to which every passenger must tread on mounting, or leaving, the vehicle. Tho 
motion of the step is consequently compressed in, and transmitted by a cord, or other means, to 

roduce on the paper a mark, or leave a blank. If at the time contact of the pencil and the paper 
is made or broken, there is a mark or blunk made or left by the moving of the seat, it is clear tl 

aseenger has left the vehicle, even if the diayram shows that the seat was taken immediately afte 
boing vacated. In 1875, J. T. King added to this system a method of interlocking the movable seats, 
so that the seats sat upon caused the unoccupied seats to rise; and further recorded by a type-printer, 
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upon @ paper ribbon or strip, the number of the seat occupied. In 1877, C. F', Hayes introduced 
the use of a turnstile which, by gearing, communicates motion to two circular tables furnished with 
graduated indicator cards, one card indicating entrances, and the other exits. A travelling marker 
is fitted above each card, and moves inwards radially a short distance, as the vehicle is performing 
its journey, and when given distances are accomplished returning to its normal position. This 
return of the marker to its normal position, indicates commencement of a fresh section of the 
journey and increment of fare. 

It is worthy of notice, that notwithstanding the mechanical ingenuity displayed in these 
inventions, none seemed to have surmounted the practicul difficulties sufficiently to have come into 

eneral use. 
. Portable Fare-Counters—The mechanical attachments to vehicles being cumbersome and ex- 
pensive, several inventors have sought to introduce recording ticket-punchcs, that either by a 
register, or by a store of punched-out pieces, may serve to check the amount of fares received. In 
1873, N. Macphail introduced a hand apparatus, including a small bell and printing mechemism, in 
which the bell was to be sounded once for every penny paid. This idea received great improvement 
in 1874 in an invention introduced from America, where it had been extensively usod. As its use in 
this country has been somewhat general on the tramway systems, the punch is described in detail. 

In Fig. 1, A isthe upper, and B the lower handle of the instrument, hinged together and provided 
with an ordinary punch-tool. CO 1s the case containing the bell and rogister mechanism, on opposite 
sides of a partition. There are covers to this cuse. Register wheels aro actuated by a stepped 
pawl, attached to the 
radial arm swinging 
on the arbor of the 
register whecls, and 
connected with @ pro- 
jecting portion of the 
web of tho upper hun- - 
dle A by a project- 
ing pin. The pawl 
moves the register one 
degree each timo the 
handles of the punch 
are closed. 

The general con- 
struction and opera- 
tion of the register 
mechanism is as fol- 
lows— 

The bell is secured 
to a stud on the inner 
side of the cover, and 
I is the arm of the 
bell-hammer pivoted K 
to the case C. The 
arm is provided with 
two sccundary arms 
t', arranged at right 
angles to the former, 


above and below its fulerum ?; j is a curved flat spring, sccured to the caso C at 7’, and bearing 
with its free end against the upper arm of the bell-hammer, so as to hold the latter closed ; 
a cam is mounted loosely on the pivot 7 of the bell-hammer, between the arm I of the latter, and 
the partition of the case C; it is provided with a tooth 1', projecting under the portion of the upper 
handle A, and a smaller projection or tooth, arranged in rear of the tooth h!, while it carries on the 
opposite side of the pivot 7, a shoulder engaged undcr the arm I of tlic bell-hammer, in the angle 
formed by the arm ¢’ with the arm I. 

In closing the handles of the punch, the portion of the upper handlo strikes the tooth A! of 
the cam, turning the latter on its pivot :?, and raising tho hammer against the spring j, by means 
of the shoulder engaging under the arm I. When the movement of the handlcs is complcted 
and the bell-hammer released, the latter and the cam are returned to their former position by the 
spring j, and the bell is rung. In opening the handles, the end of the portion of the web comes in 
contact with the tooth A! of the cam, and turns the latter slightly on its pivot, the shoulder having 
a little play in the angle of the arma I and i’, to permit the cam to be so turned back. The punch 
being in position of Fig. 1, with the handles distendcd, the spring p, uri | against the upper 
incline of the detent pawl, holds the lower tooth o!' of the latter against the lower and upwardly 
inclined ratchet. 

In closing the handles in operating the punch, the detent paw! O slides over the ratchets until 
it comes in contact with the cam-tooth, which turns the pawl O on its pivot until the spring p, 
which has pressed against the upper inclined side of the pawl, passes the apex, and engages against 
the lower incline, when the paw! O is shifted, so as to engage its upper tooth O? with the upper 
series of ratchets. During the closing movement of the handles, the detent pawl O, being in con- 
tact with the lower series of ratchets, prevents any retrograde movement of the handles, until the 

' closing movement is nearly eominloted, and the register moved one degree, when the pawl is 
shifted as described, 80 as to clear the lower ratchet and prevont the handles opening. Hence an 
attempt to ring the bell without operating the register, by partially closing the handles and then 
suddenly releasing them, will be unauecessful. 
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During the last portion of the closing movement of the handles, the portion of the web is 
disengaged from the bell-hammer and the bell rung, the register having been moved one degree, 
and lovked by the respective detent pawl, a little before the bell is rung. In opening the handles, 


the pawl O slides over the upper series of ratchets, and prevents in a similar manner the closing 
until the handles are almost completely opened. This prevents the ringing of the bell by opening the 
handles to such a degree as to engage the hammer-pawl with tho bell-hammer, but not sufficiently 
to cause the register-actuating pawl to engage over the next notch of the register wheel. During 
the last portion of the opening movement, the cam-tvoth comes in contact with the upper tooth 
O* of the pawl O, and shifts the pawl to its natural position, leaving the punch freo for a second 
operation. During the shifting of the pawl O, a tooth comes in contact with the tooth of the cam, 
80 that the cam, which has been slightly turned back during the opening of the handles, will be 
returned to its former position, with the tooth 4! projecting under the portion of the upper handle, 
ready for a sccond closing of the handles. 

_K ig,the receptacle for the punch cuttings, secured to the underside of the jaw Bof the punch; 
i eo or other suitable shape, and provided with a single aperture in its side adjacent 

0 the jaw B. 

When the person using the punch obtains access to the registering mechanism, by picking the 
lock, and sets the hands back to tho starting-point, fur the purpose of retaining the number of 
fares, which ho cancels during the movement of tho 1egistering mechanism from the point on 
which it has beon sv placed to the starting-point, the fraud is exposed by the wheel remaining 
stationary at the last notch before reaching the starting-point, thus indicating that the full number 
of fares which the xpparatus is capable of registering has been cancelled, while a lesser numbur of 
fures is returned. 

A modification of this invention was devised in 1874 by T. B. Doolittle, in which o semi- 
cylindrical barrel or tube contains a series of ratchet wheels having numbers on their faces, and a 
vertically moving spring bar or rod, provided at its upper end with a spring hook or catch, which 
when the punch-bar 1s depressed takes hold of the first of a train of wheels, and turns the same 
one point at each stioke. The rod at the lower cnd is provided with another spring catch, for the 
purpose of operating a small striking hummer, so as to sound an alarm bell. 

Rerolution and Speed Counters.—It is frequently of the highest importance that the speed or 
number of revolutions in a given timo, ot an engine or other machinery should be known or 
ascertainable with accwacy. In marine engines this is especially desirable, as well as in ceitain 
kinds of mills where umform speed is a necessity. For almost all descriptions of work, there 
Is & certain speed at which the working results are highest, and it becomes important to the mann- 

facturcr to maintain the speed, in order to avoid excess of 


\ wcar and tear on the one hand, and secure a ful] return of work 
on the other. Although desirable m somo cases, it is not 
Cae’ necessary in all that the machine should record or register, 
and generally it is sufficiont that the machine should show 

at a glance the rato of speed at that particular moment. It 

is almost universally the practice, to count the speed or num- 


ber of revolutions of an engine at so many in the minute, 


on 





' 


and this, if an ordinary counter were employed, giving merely the number of revolutions made since 
a certain starting time, would necessitate reference to a clock or other mode of marking time. But 
in speed-counters generally, the practical difficulties that such a time-keeper would introduce, are ' 
obyiated by the adoption of the principle of centrifugal force, as illustrated in the use of governor- 
balls. A counter or indicator on this plan was introduced by Sir D. L, Salomons in 1874, and is 
shown in Fig. 2, in which a a are the spindle and sleeve of an ordinary governor, connected to tho 


ABAOUS. 5 


wheel d by the ciank and rod 5 and ¢, which impart motion to the rack ¢, carrying « pointer; and 
this indicates the speed on the scale /. Such a machine indicates speeds not affected by any great 
variation with sufficient accuracy, but is not adapted to cases of fluctuation from low to high 
8 . The same inventor alyo introduce! three other forms of indicator. One of these Was & 
kind of fan-blast, the pressure of air caused by the fan moving a piston against a spring, a pointer 
attached to the piston indicating the speed on a scale, the divisions of which must be found by 
previous experiment. In another form, based on this principle, a curved, flattencd tube, like an 
ancroid tube, is substituted for the piston and spring, the tube in uncoiling from the pressure 
of air within it actuating a crank and pointor. Ina third form, Sulomons causes a tube to rotate 
horizontally about tho centre of its length, a small pipe from each end of the tube leading to a 
glass tube placed in combination with a vertical spindle, The tube being filled with mercury, 
is caused to rise by centrifugal force in this central tubo, and the height of the mercury indi- 
cates the speed. M. A. Weir introduced in the same year a modification of this ocntrifugal 
principle, employing a vertical glass tube filled with liquid revolving on its longitudinal axis, the 
depression of the centre and rise of this liquid against the sides of the tube, indicating the speed 
on a scale parallel to the tube. R. H. Crickmer in 1874 devised an indicutor which also con- 
trolled the action of the throttle-valve. In gvaring with the machincry, the specd of which is 
to be measured, is a vertical cylinder. revolving on its longitudinal axis within an outer fixed 
cylindrical case, between which und the inner cylinder is @ smull annular space. The inner 
cylinder is continued at its lower cnd into a flat hollow whecl, and the outer case conforms to 
this wheel; the wheel is also perforated, so that by centrifugal forec, mercury contained in the 
cylinder is forced up through the perforations in the wheel into the outer cylinder, according to the 
apced, Upon tho surface of the morcury in the cylinder floats a hollow iron ball, which follows 
the movements of the surface of the mercury, Attwched to the ball is a vertical shaft in connection 
with suitable gearing, causing a pointer to move over a dial, and working the throttle-valve by 
means of a rack and segmental lever. 

Fig. 3 is of a direct comparison counter, which consists in combining a wheel, rotated at regular 
intervals by a clockwork movement, with two sets of counting registers, which are alternately thrown 
into action. The principal mechanism of this counter is shown in Fig. 3. A is tho whicel of a clock 
rotating in two minutes, or other fixed interval 
of time, and having its motion altogether inde- 3. 
pendent of the other mechanism. On the edge 
of this wheel are two indentations, @ and «?, 
exactly at opposite sides; the indentations 
aro abrupt on one side, and rise gradually 
with a curve on tho other. Beneath the 
wheel is a lever B, pivoted at one cnd, and 
foreed upward in contact with the wheel A, 
by a spring C at the other end. In the centre 
of this arm or lever B, is a double kmfe-edge 
é, projecting above and below the lever, the 
upper side engaging with the wheel A, the 
lower side engaging with the vibrating arm 
D. Theo arm D is pivoted at its cutie on the 
pin d’, its lower end carries a shaft g, which 
receives its motion from the engine. Upon 
the end of this shaft is placed a ring of india- 
rubber m, to give a yielding pressure upon 
the registuing wheels KIL. T'wo spring 
bars, N&, arc riveted to the arm D; they 
pass upward at the rear of the disc-wheel 
A. The registering wheel E, having numbers 
placed around its periphery, tuins freely on a 
centre-pin, A pin 47, projecting from this wheel at the roar, acts as a stop to keep the figure 0 
always at the bottom, when the whcel is liberated to find its own position. is a similar register- 
ing wheel, placed about one-sixtcenth of an inch from the indiarubber friction whcel m. LP is a 
doublo-arm lever ; its lower arm acts as a pawl, which falls into holes in the wheel EK. 1t is moved 
at the proper instant of time by a pin projecting from the front of the wheel A. A similar 
double-arm lever R operatis the wheel H. The clock being set in motion, the wheel A rotates 
once in two minutes. Whcn it has arrived at the position shown, the lower knife-edgo ¢ is 
depressed go as to hold the friction wheel m against the whcel E, in which pcsition it remains until 
the notch a? arrives-‘ut the knife-edge e. At this instant the pin, which projects at tho front and 
rear of the wheel A, puts a tension upon the spring bur K, so that when the knife-cdge falls into the 
notch a’, the friction pulley m is forced over in contact with the wheel H, und then the knife-edge 
descends again, on the other side of the arm D; thus the arm vibrates suddcnly from ono side to 
the other at fixed intervals of time. Now, supposing a rotuting motion to be given to the wheel m 
by the engine, whilst this whee) is in contact with the registcr K, this register will continue 
to count until the whcel m is released from contact. When this takes place, the pawl P holds the 
register in position, and the pointer p’ shows the number of revolutions made during thie last minute 
H is counting, while E is stationary. The instant before the minute is up, the pin projecting at 
the front of the wheel A, operates the pawl P, and libeiates the register E, which is returned by a 
hair-spring S to its first position, with 0 at the bottom opposite the point P’. 

* Indicators have also been constructed upon the hydro-governor principle, in which a fluid is 
injected into a tube by means of piston or rotary punip, and cjected through suitable outlets, 
the speed being measured by the height of the water. Reynolds suggested in 1874 that a wire 
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heated by elcctricity, the heat varying with the square of the amount of current, and this with 
the aiiaber of aloo tical soatsata tateilishid: should cause the expansion of a metallic bar with 
which the wire connects, and s0 indicate the speed by the amount of expansion. 

Westinyhouse Train Speed-Recorder.—For indicating the speed of locomotive engines the Weat- 
inghouse ‘I'rain apeed-Indicator has been very successfully used. It will not only show the speed 
of a train at any given instant, but will also allow of diagrams being takon, recording the fluctuations 
or diminutions of that spced caused by the application of the brake. It is shown in two forms, 
Figs. 4 and 5 being intended for fixing in o carriage or van, and Fig. 6 being adapted fur use on an 
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engine, the pumps for supplying water under pressure being in this lutter caso omitted, and water 
for actuating the apparatus being drawn from tho boiler. In other respects, with the oxecption of 
some minor details, the two forms are identical. 

The principle upon which the apparatus acts, consists in controlling tho cscape of water under 
pressure, by means of a small valve loaded by the action of centrifugal force, the arrangement boing 
such that the higher the spoed at which the apparatus is driven, the greater will be the pressure 
exerted by certain revolving weights upon the escape-valve, and the higher therefore the pressure 
maintained within the chamber with which this valve communicates, this chamber constantly 
receiving a supply of water, eithor from romp or from the engine boiler. A pressure gauge affixed 
to the chamber containing the water under pressure, thus affords, by its indications, information as 
to the speed at which the separa is being driven. 

Referring to Figs. 4 and 5, it will be seen that the Pi pales consists of a base A, forming a 
water-tank, there being bolted down to this base a casting B carrying all the rest of the parts. To 
one side of the casting B is fixed a tubular axis, on which is mounted the pulley or casing CO, 
driven by a belt from another jr Os any convenient axle, care being taken, however, that the 
wheels on the axle are not fitted with brake-blocks. Fixed to the pulley C isa pinion D, which 
Beare into a small spur-wheel E, mounted on a pind provided at its other ond with a disc-orank F. 

rom this crank are led off two connecting rods GG, which work small plunger pumps drawing 
water from the water-chamber A. The arrangement is clearly shown in Fig. 5, from which it will | 
be seen that the pistons or short plungers of the pumps are forced outwards by springs, so that 
oo rods work constantly in compression, and tho pumps can thus be driven at a high 
speed, 

















ABAOUS. 7 


The two pumps deliver water through channels aa into the channel b, which is fitted with 
a small spring loaded relief valve, Fig. 4, this valve when opon allowing any excess of water to 
escape through the hole c back into the water-chamber A. Communicating with the passages aa 
there is also another channel d, Fig. 5. This passage is fitted with small check valve, and 
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through it the water delivered from the pumps ean flow 
up to the socket ¢, into which the sprmg accumulator 
H, Fig 4, 18 screwed. This accumulator consists of an 
indiarubber diaphragm, having on its under side a small 
piston against which the water acts, while on its upper side 
18 another piston, foreed downwards by a spiral spine. 
Tho lower piston has a small rod projecting from 1t, this rod 
bemg very shghtly tapered, and the water on Icaving the 
accumulator passing down around it to a channel ff, lead- 
ing toa second accumulator I. This I accumulator is similar, 
with the exception that it 1s disposed horizontally, instcad 
vf vertically, and by the time the water reaches it, the pulsations caused by the action of the 
pomp are entirely destroyed. In I the water may thus be considered to be containcd at a 
sicady pressure. 

When tho instrument is fixed on an engine, and the supply of water required is drawn from the 
boiler mstead of being supplied by pumps, tho first accumulator is dispensed with, as shown in 
Fig. 6. In this case, the water instead of cntering the accumulator near tho periphery, and 
escaping at the centre around a needle attachcd to the ram, follows the opposite course, entoring 
through the passage f, Fig. 6, passing into the accumulator around the needle g’,and escaping 
through the passage n’ to the regulating escape valve. 

Returning to Fig. 4, it will be scen that the water can cecape from tho second accumulator past 
the needle g into the passage h, which is connected by small holes with 2 recess x, covered by a thin 
indiarubber diaphragm attached to the relief valve 4 The form of this valve is such that when 
raised from its seat, the water flows out through a cential opens in the valve into a small 
chamber, from which it can return through a passage, shown in Fig. 4, into the water-1oservoir A. 

Tt will be secn fiom Figs. 4 and 6, that the relicf valvo 4 has attached to it a rod J, which takes 
a bearing against a small horizontal lover m. This lever is also pressed against at another point by 
the rod 01 spindle o; the lever, Fig. 6, is contained in a recess or mortice cut in a bar n, so that by 
turning the scrowed caps with which the ends of this bar are fitted, the lever can bo shifted lon- 
gitudinally, and the ratio which the pressure exerted by ihe spindle o, shall bear to that transmitted 
to the rod /, can thus be adjusted with great delicacy. 

The ae o extends through the tubular axis on which the pulley C is mounted, and 
is provided within that pulley with the grooved collar p, which takes old of the shorter arms of 
the two bell-ciank levers gq. The other arms of these lovers carry small weights r r, aud as the 
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ulley U revolves, the centrifugal force developed tends to spread these weights, and thus, 

6 intereention ‘of the et eile exerts & pressure longitudinally on the spindle oe ae oe 
indle transmits its pressure through the lever m and rod J to the escape valve 4, an us 16 
pressure with which this valve is loaded depends upon the centrifugal action of the weights r. ‘ 

The centrifugal force exerted by the weights r, will vary as the square of the velocity at whic 
the pulley C is dvigen: and hence the pressure on the escape valve k, will also vary as the square of 
the velocity of the pulley C, from which may be deduced the square of the velocity at which the 
train is moving. But a constant supply of water is delivered to the accumulator I from the pumps, 
or from the engine boiler, as the case may be, and the pressure maintnined within this accumulator 
is controlled by the load on tho escape valve k, hence a pressure gauge placed in communication 
with the acoumulator I, will indicate pressures which are proportional to tho squares of the speeds 
of the train. To connect it with the accumulator I, the pressure gauge is screwed into the socket s, 
Fig. 6. From the indications of this gauge, the speed of the train at any instant can be at once 
ascertained. 

To be able to tako a diagram recording tho decrease of speed aftcr the application of a brake, 
the apparatus is fitted with attachments for connecting to it o suitable indicator. This indicator is 
connected at s, Fig. 6, at the same point as the prossure gauge. Referring to Figs. 4 and 5, it will 
be seen that the pullcy C has fixed to it a short worm, into gear with which the small worm- 
whcel u can be placed. Another worm v,on the same axis as the worm-wheel u, drives another 
worm-wheel w, and a slow motion is given to the dise from which the cord for moving the paper 
drum of the indicator ig driven. A slow motion is thus obtained for tho drum of the indicator. 
The indicator employed is not shown, but it is similar to the ordinary steam-engine indicator, exccpt 
that the paper drum is somewhat larger, its circumference being 12 in. 

If now the gear for giving motion to tho paper drum be thrown into action, when the brake is 
applied, the poncil of the indicator being at the same time in contact with the paper, it is evident 
that as the speed of the train becomes reduced, the pencil of the indicator will fall, and this down- 
ward movement, combined with the rotary motion of the drum, will causo an inclined line to be 
traced on the paper, the height of this line above zero, at any given point, boing @ measure of 
the speed of the train, at the saied phleagid point of its forward movenrent. 

To explain this better, we ap uce to a reduced scale in Figs. 7 to 10 some diagrams takon by 
this apparatus on a train on the Pennsylvania Railroad, Pittsburg division. The train on which 
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these experiments were made weighed about 170 tons, and consisted of an engine and tender 
and six double bogie-cars, the whole of the wheels on the train, with the exception of those of the 
engine truck, being fitted with singlo brake-blocks actuated by the Westinghouse automatic brake. 
The speed indicator during the trial received its motion from the front axle of the engine, and the 
case or pulley C, Figs. 4 to 6, containing the bell-cranks with the weighted arms, was driven so that 
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it made one revclution for each 6 ft. of forward movement of the train. The pane drum of the 
indicator revolved once for every 1200 ft. of forward movement of the train. The instrument is, 
however, provided with spare gears so that a slower movement of the paper drum can be given if 
required. Of the diagrams annexed the three in the upper row correspond to stops made under 
the following conditions. 











| 
Distance Run | 


Place where Stop was made. Speed in Miles | attor Application | 


an Hour. 














of Brake. 
miles ft. 
Turtle Creek, linc lovel .... 39 412 
Brintons . a. Ga 343 $52 
Brushton i San Ag 81 260 












The four other diagrams in the third row refer to experiments, of which the particulars are as 
follows ;— 


Specd in Mis an Hour after Running 
: Air Pressure} Speed in Distance Time the Subjoined Distances beyond 
Place where Stop | pounds per tles Run after | making Point of Application of the Brake. 
was made, Square Inch.| an Hour. fee on : 
0 es, 


100 ft. | 200 ft. | 300 ft. | 400 ft. | 600 ft. 
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| Ih, miles. ft. Bee. miles. | miles. | miles, | miles. | miles. 
Wilkinsburgh .. 70 263 205 jnottukon| 22 36 és i 
Hawking .. .. | 85 403 484 14 39 | 34 | 298 | 22 
Turtle Creek .. 90 37 364 13 Sf; | 274 | 19 a as 
Walls... | 85 433 550 15 | 424 | 38 | 33 | 26 | 173 





The performance of the brake during these trials was, as will be seen, admirable; as we have 
already explained, heights in these diagrams represent pressures in the accumulator of the speed- 
indicator, and those pressures again are proportioned to the squares of the speeds. In tho particular 
instrument, Figs. 4, 5, and 6, the square of the speed in miles an hour multiplicd by 0°04 gives the 
corresponding preskure in pounds per square inch in the accumulator. It is thus casy to reduce the 
pressure curves drawn by the indicator to the equivalent speed curves, and this we have had dono 
for the several experiments above referred to, each pressure curve huving the corresponding speed 
curve shown below it. 

Tt is evident that the curves drawn by tho instrument, afford the fullest possible information 
respecting the action of the brake with which the train is fitted. Thus not only do they show the 
distance run and the mean retarding foreo, but they ulyo afford data for calculating the retarding 
furce exerted at cach part of the stop, and thus show whether tho brake powcr was applied 
promptly, as it should be to obtain the best results, or whether it only came into action gradually, 
and thus a & loss of timo at the commencement of the operation, when the train was moving 
most quickly. 

He trson’s Strophometer—The employment of the governor action, as it is called, for the purpose 
of obtaining an indication of speed, has been repeatedly attempted, but hithorto without much 
success, and chiefly for the following reason ; almost all steam engines develop their power by a 
reciprocating motion, which by mcans of # crank is transformed into a circular one; thus tho 
turning effort not being uniform, produces an irregularity of motion, which is augmented by the 
inconstancy of the load, and subjucts the engine to great and incessant fluctuations of specd, an 
exact indication of which would naturally result in an cxcessive oscillation of the pointer, and 
render the machine almost useless. This, the chicf cause of failure of previously invented 
machines, is in the strophometer overcume by the employment of a flywheel driven by friction in a 
peculiar way, tho action of which is to climinate the smaller and more frequent variations of speed, 
which are only momentary, and obtuin an almost constant velocity of rotation. The machine as 
manufactured by Elliott Brothers, of London, is illustrated in Fig. 11, and has a fixed vertical steel 
spindle. On the lower part of the spindle a pulley revolves freely. By means of the pulley, the 
motion, or a multiple of the motion to be indicated, is imparted to the instrument by means ofa 
cord. Resting on the pulley, boss on boss, is a fiyahosk. When the pulley is driven by the 
engine, the friction between the two bosses helps to send the flywheel round; but in addition to 
this, friction from another source helps to propel it. The under face of the flywheol is reccxsed, 
and into the recess a pair of studs project up from the pulley, Connected to these studs by light 
chains is a pair of weights which, when the pulley is in motion, press against tho inside of the rim 
of the flywheel and act frictionally thereon, so as to make the flywhcel revolve. With these 
driving arrangements, the inertia of the flywheel will prevent it from being too casily affected by 
changes of speed which are not persistent, and thus an almost constant velocity of rotation is 
obtained. he amount of steady motion thus imparted to the flywhcoel is measured in tho 
following way ;—Surrounding the spindle above the flywheel is a helical wire spring, the bottom 
end fitting into the oil-cup of the flywheel, and the upper end being secured to a collar, which can 
slide up and down or revolve freely round the spindle. This collar is connected to the flywheel 
by four pairs of jointed links, carrying balls on their middle joints. When in motion these balls 
fly out, and through the connection of the links compress the spring, until it measures the resolved 
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j ia to indicate on an 

ifugal force due to the angular velocity. All that is left now 18 to 
Pome sale the monition of the boss, or SaeiRPoRsiOt the spring. To do this, a ae 
rod from tho boas works a toothed sector, which gears into & small pinion on an 7 glee be be 
pole: and thus the movement is conveyed to the pointer, which sweeps over tne 
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With respect to the longth of tho divisions of the dial corresponding to equal increments 
in velocity, we observe that although the centrifugal force increases or diminishes when the speod 
increases or diminishes, yot it is not a simple measure of the angular velocity; since it varies, as 
the product of the radius and the square of the angular velocity. We thus see that the centrifugal 
force or measure of the velocity increases much faster than tho velocity itsclf, hence, except under 
peculiar circumstances, the scale of measurements must be w continually increasing one. Accord- 
ingly, on the dials of most revolution-indicators we seo the graduations for low speeds vory close 
together, and wide oak for high speeds. This, to some extent, impairs tho efficiency, and lessens 
the range of the indication. An interesting feature of the strophometer is that its divisions are 
nearly all of equal length, produced b is combination of circumstances. As the number 
of revolutions increases, the centrifugal force increases from two causes, first, because tho radius or 
distance of the balls from the axis increases, and secondly, bocause the square of the number 
of revolutions increases. Oppusing this there are two influences tending to lessen the effect of tho 
centrifugal force. First, the more the spring is compressed, the greater the force resisting further 
compression, and, secondly, the more the boss or collar is depressed, the more obliquely the tension 
of the links acts in pulling it further down. These opposing actions so balance one another, that 
except at very low speeds, almost exactly equal changes in the position of the pointer correspond to 
equal changes in the number of revolutions. 

The instrument is attached to the machinery, tho speed of which it is intendod to indicate, by 
means of a fine piece of gut or cord, which passes round a pulley on tho revolving shaft, and round 
the pulley at the bottom of the strophometer. The dial is graduated, and a conveniont multiple of 
the motion employed to suit the maximum speed, and the range of spoed, which the machinery to 
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which it is attached experiences, the strophometer not being allowed to revolve at a greater velocity 
than 500 revolutions a minute. Thus, if connected to an engine the maximum speed of which is 
100 revolutions a minute, a multiplying gear of 5 would be used. To facilitate its attachment to 
marine engines with large shafts, on which it would be inconvenient to place a pulley, a simple 
apparatus has been designed. It consists of a wooden roller, which is kept pressed against a flanged 
coupling of the shaft by means of a spring, and the cord is let round a pulley, on the same spindlo 
as the roller. It is so designed that it may be quickly withdrawn fiom the coupling and put out of 
gear, and any slackness of the cord can be easily taken up. When fitted to stationary and other 
engines, of which the rango of speed is small, say from 30 to 50 revolutions a minute, the whole of 
the circumference of the dial is divided into 20 spaces, which may be subdivided, and a very great 
delicacy of indication obtainod. 

When used on locomotives, tho cord should be let round a small pulley on the axle of the 
following wheels. The dial would, in this caso, be graduated to express miles an hour, and 
the size of the pulley employed would depend on the diametor of the wheels. For fast trains, 
which run great distances, this instrumont would be invaluable asa means of obtaining punctuality. 

The employment of a toothed sector, with a radial slot to actuate tho pinion, allows of a ready 
method of adjusting the pointer to correctness. The diuls aro graduated during manufacture, tho 
machine is then fitted with the Spprprste multiplying gear, ascertained by moderately careful 
measurement, aud oxactness of indication obtained by observation and adjustment when the 
engines are working. 

The instrument is very durable, all the working parts being provided with steel bushes. The 
lubricating arrangements are well considered; the bottom beuring, where only the friction is 
important, runs in a cup filled with oil. 

Elliott Brothers, of London, construct an indicator, illustrated in Figs. 12 and 13, for recording 
the number of reciprocal motions, which is based upon the following principles. The reciprocating 
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motion of any convenicnt part of an engine or machine, is conveyed to a circular disc carrying a pin 
eccentrically, This pin actuates a rocking arm, which lics along the base-plate, carrying the centres 
for the arbors of a train of wheels, the arm being slotted and of sufficient width to allow of 
the arbors passing through it without interfering with its motion; at the opposite extremity to that 
actuated by the eccentric pin the rocking arm is pivoted. Close to the eccentric pin the rocking 
arm is drilled out to receive a star wheel, and this star wheel is actuated by two teeth set upon the 
rocking arm, ‘The star wheel carries on the same arbor a numbered dise, the figures on which appear 
before an orifice in the face-plate, as the star wheel is rotated by the action of the two tecth on the 
rocking arm shown in dotted lincs Fig. 12. On the same arbor as the star wheel and numbered disc, 
is a ¢ 

tecth « 

the dise recording | - 

Pocket Revolution-{ndicators,—Engineers frequently require to measure the number of revolutions 
of an engine or machine at times and in positions where an ordinary rovolution-indicator is not 
available. To moet this want there have been constructed small apparatus suitable to be carried 
in the pocket and easily applied to the extremity of a shaft or axle. One of the most commodious 
forms is that introduced by T. R. Harding & Son of Leeds, through Elliott Brothers, and illus- 
trated by Figs. 14 to 19. The mechanism, which is extremely simple, is cnclosed in a cylindrical 
case of 1? in. diameter by L in. depth. Across this cylinder or drum and bearing in its sides, 
runs an axle which projects through the sides of the case; upon these projecting ends either 
a punch-head, Fig. 15, or a recessed bitt, Figs. 17 and 18, can be fitted, as it may be roquired 
to measure the velocity of an axle or shaft that has a flush end or a pointed end. Hard pres- 
sure is sufficient to cause the spindle of the counter, in either case, to revolve with the shaft. 
Upon the spindle of the counter is fitted eccentrically a star whocl. The spindle also carries four 
disc wheels loosely fitted, tho periphories of these wheels bear numbers, and are rimmed. The 
rims aro toothed or notched, aud upon one side of the rim of the first wheel are notches cut so that 
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at each revolution the star wheel en into them, and causes the first wheel to be carried forward 
one unit. Parallel to the main spindle is a second spindle carrying three wheels of eight teeth. 
each, every alternate tooth being of only half the width of the other four. These three wheels 
serve to connect, at the proper number of revolutions, the disc wheels on the main spindle so as to 
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record tens, hundreds, and thousands, and this they effect by locking the two dise whcels together, 
by one of the four teeth of full width. For this purpose, u single notch is provided on the other 
bide of each disc wheel, with two pin-toeth, raised sufficiently to come into contact with and move 
the half-width tooth of the locking wheel. The 20. 

numbers on the rim are presented opposite to a 
face plate, which forms with a glass cover one end 





of the cylindrical case. ‘The instrument records wt 
o e e Q Y My - 
to within a unit of ten thousand. Sa 
Another form of pocket counter hasbeen intro- 215\ 
duced from France by John Browning, of London, Cay 





and is shown in Figs. 20 to 24. It has the excep- 
tional advantage that it can be instantly set back 
to zero. On this account, and because the instru- 
ment has a separate set of figures for forward 
and backward motions, the number of revolu- 
tions made by a piece of machinery can be read 
off without making a subtraction sum. In addi- 
tion to the steel bitts A and B, Figs. 21 and 22, 
usually omployed to communicate the motion of 
an axle to the counter, a little boxwood wheel O, 
Fig. 23, accompanies the counter. This wheel is 
one-tenth of a yard in circumference, and can be 
employed to measure the forward motion of a 
a and for similar purposes. A punch 

, Fig. 24, is occasionally required to make a 
small hole in an axle to receive the steel bitt; 
and ifa silk thread measuring exactly the length 
of the pendulum be sHoakes to the punch as a 
bob, each oscillation marks a second, and by this 
means & minute can be counted with much greater 
segs than by a watch unprovided with a 
second-hand. 

The Slide Rule.— Slide rules are a purely scien- 
tific extension of the common abacus; they are 
constructed for various kinds of calculation occur- 
ring in special businesses, as well as to aid in the 
ordinary labour of multiplication, division, pro- 
portion, and the finding of roots and powers of 
numbers. The timber merchant, the carpenter, 
and the gauger have rules divided to answer their 
special requirements, but all of these rules are 
based upon the same arene as the common 
slide rule. We shall therefore describe only the 
common slide rule. 

Many very comprehensive works have been 
ae on the use of this instrument, which 
nelude a number of arbitrary rules, far too nume- 
rous to be committed to memory, and entailing 
more labour to be understood than would be involved in ihe study of logarithms, so far as to 
enable the student to become independent of rules, and to work from the main principles. A table 
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of logarithms enables us to do numerically what the slide rule accomplishes mechanical] yi 
for instance, the addition of logarithms is performed on the rule by tho addition of two lengths, by 
the placing of the beginning of the slide at one number, and observing the sum indicated by the 
position of the other number. 

The common slide rule usually consists of an ivory or boxwood base which is grooved down the 
centre, and in the groove is fitted a slide, the face of which is flush with the face of the body or 
base. There are thus four lines rendered available, namely, the two cdges of the slide and the two 

A 


edges of the groove. Wo will designate these lines, as is usual, by the letters A and D will 


(D 
then be the upper and lower lines on the body of the rule, and B and C the upper and lower lines 
on the slide. 

The line A.—This line is usually divided into two radii. 

A radius consists of a line, the length of which is determined by the length of the rale, divided 
into 1000 parts, but on the rule tho figures between 1 and 10 appear at those divisions which mark 
the numbers corresponding to the logarithms of 2, 3,4, and soon. Thus, 1 commences the scale, 
2 appears at 301 divisions, 3 at 477 divisions, 4 at 602 divisions, 5 ot 699 divisions, 6 at 778 
divisions of the scale, and soon; and the intermediate divisions appear at the places corresponding 
to the logarithms of the intermediate numbers. These lines are then divided logarithmically, the 
divisions bearing the natural numbers being at distances from 1 determined by the logarithms of 
those numbers. 

The line B is o duplicate of the line A, and the line C is generally ulso na duplicate. 

The line D in the common rules is generally composed of a single radius continued through the 
entire length of the rule, that is, the divisions on D are double the length of those on A, B, and QO, 
C is generally termed the line of squares, and D the line of square routs, because there are twice as 
many divisions on C as there are on D, or, in other words, the logarithms on C are twice 
the logarithms on D. Therefore when 1 on D coincides with 1 on C, the numbers on D coincident 
with those on C are the sguue roots of those on C, and conversely the numbers on C coincident 
with those on D are the porrers of those on D. 

Addition and Subtruction cannot be performed by the slide rule, which is a help to calculation only 
in so far as logarithms are an aid. 

Multiplication is performed on the slide rule by tho addition of logaritlinic lengths, the logarithmic 
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sum or numerical products being obtained by the 1 on B being set below the taalighenia A, 
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tho product appearing on A immediately above the i snuleiplior on B. 
slide thus is in fact merely adding a given logarithmic length on B to a givon logarithmic length 
on A, whence at the sum of the lengths on A the product appears. To those to whom the 
elementary principles of logarithmic calculation are known, the explanation will be evident. 

Jdvision ia merely the operation of multiplication performed backwards; instcad of adding 
logarithmic lengths, the logarithmic length representing the dividend, corresponding to the product 
in multiplication, has subtracted from it the logarithmic length of the divisor, the remainder being 
the logarithmic length of the quvtient. This is actually performed on the rule by taking the 
dividend on A, bencath which is sct on B the divisor, and the quotient appears on A above | on 
B. That is, the logarithmic length represented on B by the length betweon 1 and the divisor 
is reckoned backwards, or subtracted, instcad of being reckoned forward, or added, as in 
multiplication. 

Proportion—A given ratio of logarithmic lengths boing set up between tho lines A and B, by 
shifting the slide as required, that ratio obtains for all numbers on the two lines. Thug if 2 on B 
be set under 1 on A, the four will appear under 2, the 10 under 5, and go on. 

Fractions ave thus easily reducible to their lowest approximate or actunl terms by the slide rule. 

The secret of success with the slide rule, as regards quickness and accuracy in manipulation, lics 
not only in understanding the principles of logarithms which underlie its use, but also in a careful 
consideration of the value of the numeration, as the figures may appeur in the first or the second 
radius, This is casily explained as follows ;—I¢ will be clear that if the 1 at the commencement 
of the rule and first radius be taken to represeut unity, the 1 at the commencement of the second 
radius will represent 10, and the 1 at the end of the second or commencement of a third radius will 
represent 100. If the latter be taken to represent 1, the second radius will represent tenths, and 
the first hundredths; and in like manner the value of the 1 at the commencement of the second 
radius, wil] be ten times that at the commencement of the first radius, and the one at the end of the 
second radius 10 times that at the commencement. 

The foregoing description, although short, contains sufficient to enable the student to perform 
all common calculations. Where constants ure rela hi these will appear either as multipliers or 
divisors, and should be selected for placing on the slides A or B, so as to require as few as possible 
movements of the slide. 

Very many forms of slide rules have been devised. To obtain great length with compactness 
slide rules have been constructed circular, or the slide has been made a helix working upon 
a, cylinder, or the slide and the body have been replaced by two steel tapes drawn froma, case, as in 
measuring tapes. 

The common slide rule constructed as described fails in readily affording means of ascertaining 
other roots than the square root and its derivatives. To obviate this the writer devised a 
modification, which is made by Aston and Mander, of London, and in which the line D is 
transferred to the place of the line O, and has substituted for it a line of equal parts, that is, a line 
of 1000 equal divisions. Tho nth root of a number being required, the number is found on the line 


14 ABAOUS. 


C, and the number coincident on the line D of equal parts gives the logarithm of this number. The 
nth part of this logarithm having been found by means of the lines A and B, above this nth part, 
taken on the line of equal parts, will be found the root required. 

Considering the small amount of labour involved, it is to be regretted that the use of the slide 
rule is not more generally adopted. The calculations made by its aid are sufficiently accurate for 
most engineering work of a practical kind. The co-efficient of discharge in hydraulic measure- 
ments cannot be aponnciniated within 10 per cent. under ordinary conditions; the specific weight of 
iron varies 83 to 4 per cent.; the breaking strain of iron admits of errors of at least 
5 per cent.; and in electrical calculations the writer has seen twice the amount of 25. 
work obtained by a testing-room corps employing the slide rule instead of a table 
of logarithms. For commercial calculations the slide rule is not so well adapted, 
but it has met with extensive use in many colliery offices, for the purpose of check- 
ing calculations for wages. 

The ordinary slide rule, the scale of which is one foot in length, admits 
of obtaining correct solutions to within one two-hundredth part of the whole. But 
Professor George Fuller has designed a spiral slide rule giving solutions within 
one ten-thousandth part of the whole. A slide rule to be efficient, so that calcula- foe 
tions may be made by it with ease and rapidity, and practically correct results 
obtained, should have the logarithmic scale uf such length, that the space between 
any two consecutive numbers is large enough to be easily distinguished by the 
unaided eye; the scale should bo read by indices, and not as in the present rules; 
and the number of divisions should be so great and distinctly marked, that the 
result to be obtained may be casily read and practically correct. This combination, 
it is believed, is attained in the spiral slide rule. This rule, Fig. 25, consists of a 
cylinder d, that can be moved up and down upon, and turned round, an axis f, 
which is held by a handle e. Upon this cylinder is wound in a spiral a single 
logarithmic scale. Fixed to the handle is an index 6. Two other indices, c and a, 
whose distance apart is the axial length of the complete spiral, are fixed to the 
cylinder g. This cylinder slides in f like a telescopo tube, and thus enables the 
operator to place these indices in any required position relative to d. Two stops, 
one not shown in the Fig., and one at p, are so fixed that when they are hrought in 
contact, the index 5 points to the commencement of the scale. 2 and m are two 
scales, the one on the picce carrying the movable indices, the other on the cylinder d. 

It will at once be seen that by this arrangement the logarithmic scale can be 
made of great length, and the instrument kept of a convenient size for use. It 
requires only one logarithmic seale, so that every inch of the spiral scale is equi- 
ealcat to two of the ordinary straight rule. The scale is made 50U in. long, and ig 
therefore oquivalent toa straight rule, 83 ft. 4 in. long. This allows of results being 
obtained to one ten-thousandth part of the whole; and to produce an error of one part 
in 200 there must he, cither in setting or reading, an error of onc and vne-tenth inch. 

Cycloscope.—If anumber of dots at equal intervals aro viowed in a mirror, or 
through a lens attached to a tuning-fork, then, in virtue of the retention of images on the retina, 
the dots will appear as straight lines when the fork is set in vibration. If motion is given to the 
dots at right angles to the direction of their images, the two combined rectilincar motions produce 
the app arance of a sinuous line, or wave form. The height of this wave will depend on the 
amplitude of vibration of the fork, while the wave length will depend on tho relation of the speed 
of the dots to the period of the fork. If certain ratios obtain between the velocity of the dots and 
the period of the fork, the waves will be stationary. If the velocity of the dots is slightly greater 
or less, the wave will be the same in form ; 
as that which the oxact ratio would givo, ja 26, 
but it will have a slow progressive motion. 

This progressive motion will be in the 


same direction as that in which the dots = 

nee if their velocity is tuo groat, “— 7 i > ad 

the reverse direction if it is too small. If ao alt SSS 
ee eta ~ 


the velocity of the dots is such that the 
time occupied by each dot in passing over [gees SSE. 

the interval between two adjacent dots, =~ 
is exactly equal to the period of one com- , oa: 
plete vibration, a single stationary wave woes EE 
is produced. If two intervals aro traversed ree 
in the same time, a compound double wave 

will be obtained. More complex forms ©] >= >>- 

may be produced. By varying the velo- 

city of the dots, other waves can be ob- 
tained of the same form but of different 
lengths. Thus if two complete vibrations 

take place in the time of passing of a dot b 
over one interval, a new single wave is pro- 
duced. It remains to show how the above principles can be utilized. A practical difficulty arises, 
however, in placing a series of dots round a drum, for instance, with a fork or reed vibrating sixty 
times a second, the perimeter of the drum would have to be divided into 342°8571 intervals. If, 
instead of dots, equidistant lines are placed round o drum, parallel to its axis, and are observed 
through a slit attached to a fork, or reed, similar waves to those described are formed. A piece of 
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aper is prepared by ruling lines as in Fig. 26, which all converge in a point 0, and pass through 
eguidistent points oa the line ab, and @ rectangular portion, cde f, is cut out, tho size of the latter 
being just sufficient to wrap round the drum. These lines, when viewed through the slit, act as an 
infinite series of dots equidistant, in each series. Thus, if the convergent lines are so drawn, that 
their intervals on ce are such as to suit the maximum velocity V, and tho intervals on df, the 
minimum velocity v to be measured, then between o¢ and df there will be positions which will 

ive stationary waves for every velocity between V and ». Moreover, equal distances along the 
‘iva correspond to equal differcncos of velocities; thus, if V is sixty, and » twenty rotations a 
minute, the positions corresponding to velocities of 50, 40, and 80 will be found by simply dividing 
cd into four equal parts, and by further subdivision the positions corresponding to all velocities 
between V and » can bo obtained. 

In the Cycloscope, as at present constructed, a box a, Figs. 27 and 28, showing elevation and 
plan, containing a reed, to the tongue of which a picco of very thin zinc, with a fino slit, has been 
soldered, traverses on @ slide in front of a drum carrying paper, ruled as described. Motion is 
given by a hand-wheel 6, to a pinion c on 
the same axis, the pinion gearing into a 
rack attached to the slide d. <A pointer p, 
attached to the recd-box, indicates on a 
scale ss the speed corresponding to any 

osition of the reed-box. A vernier might 

e employed in place of the pointer p, by 
which the primary divisions could bo sub- 
divided into ten or a hundred parts. To 
make the waves more clearly visible, two 
small lenses ¢¢ are employed, fixed in the 
front and back of the reed-box. Tho lens 
on the back of the box throws an imnago 
of the lines on the slit; that in front mag- 
nifies this image, and thus parallax is 
avoided. In the early expcriments, it was 
found difficult to keep up a sufficient 
supply of air to the reed, without a con- 
siderable pumping power and large econ- 
ducting tubes. By the utilization of tlic 
principle of the injector, or jet pump, this 
difficulty has been entirely removed. The 
air is supplied through a small flexible 
indiarubber tube from a pair of foot-bellows. 
This tube terminates in a small glass tube, 
drawn out to leave a narrow jet 1} mm. in 
diametcr. This fine jet is passed through 
a cork, fitted into a wide brass tube 4, fixed 
into the lower part of the back of the reed- 





box. The lower part of tho brass tube is lean 

cut away to allow free acccss to the sur- a gl 
rounding air. Air, of pressure about equal bo Wootrc 
to a column of water 20 or 25 em. in 98, Sa Ne 


heizht, is forced through the jet, and the 
reed vibrates perfectly, the mean pressure of air in the reed-box being only about equal to a 
column of water 1} mm. in height. The graduation of the scale should be performed after the 
paper is mounted on the drum. The latter may be conveniently arranged, so that the centre line 
no, Fig, 26, falls opposite the junction. The lines must now bo counted round at any two inter- 
sections, and the period of the reed, sixty complete vibrations a second, being known, the velocitics 
which are required to produce stationary waves nat these two positions can be readily caleulated. 
wo divisions on the scale being thus obtained, the remaining divisions are found by subdivision. 
To make a reading it will be necessary to start the reed and to move the hand-whcel 4, until a 
stationary double wave is seen through the lenses ¢¢; the pointer will then indicate the spec (1 
of the drum. It has so far been assumed that the period of a fork or recd is absolutely constant. 
This ig not the case, as the fork varies slightly with tempcrature, vibrating moro slowly as the 
metal becomes warmer. In somo experiments made with tuning forks a loss ‘011 per cent, 
per 1° C. was observed. This would be too small to affect tho value of tho instrument for prac- 
tical purposes, while, if it were employed for delicate investigations, a correction could readily 
be applicd. Some interesting experiments have been made with dises on tho principle of the 
thaumatrope. If a disc provided with radial slits is driven at a constant speed by clockwork 
in front of another dise driven from any machine and provided with o ring of dots, and if N and 
n are the number of rotations of the clock disc and the other disc a minute respectively, 8, the 


number of slits, @, the number of dots; then when a = - @ dots will be visible and stationary. 


Thus 8 and N being given or assumed, @ can be obtained for any assigned value of n. If the 
machine disc is running a little too fast for the above equation, the dots will appear to move slowly 
in the same direction as this disc; if too slow, they will move in the opposite direction. To all 
cases where it is necessary to study carefully the working of a machine, the method of the Cyclo 

scope can be applied with advantage, whilo its great, elasticity permits it to be adapted to high or low 
speeds, long or short ranges of velocity, heavy engine machinery, or light clockwork with equal facility. 
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AGRICULTURAL IMPLEMENTS. 

Ploughs.—A. plough has to perform three principal faunctions;—To cut the earth in a vertical 
plane, forming one of the faces of the band of earth to be raised. To make a horizontal cut so as 
to isolate this band of earth. To turn over the band thus detached, in order to expose the freshly 
cut surfaces. 

To those three principal functions correspond three especial and essential parts of the plough’s 
mechanism, namely, the coulter, the share, and the mould-board. The mould-board, as the term 
would indicate, was formerly of wood. It was first made of iron in 1764 by Small, of Berwick- 
shire, Scotland. The other parts of the plough are accessory to these acting parts, and consist of 
the beam, with or without whecls, by which it is drawn, and the handles by which it is guided. 
In England ploughs are divided into two classes —swing ploughs which are without wheels, and 
wheel ploughs which have wheels before the coulter for the purpose of guiding. The coulter has 
been constructed as a cutting wheel in advance. 

The following are the chief points to be attended to in the construction and management of a 
plough ;—The coultor and share should be sharp, clean, and tapering. ‘The mould-board designed 
to raise and turn the furrow-slice with as little friction as possible. ‘The beam arranged so that the 
team may all pull in the line of draught, which should bo stiaight angles to the horses’ front. The 
land side, or part that in some ploughs presses aguinst the unploughed ground und serves to steady 
the plough, should be parallel to the draught line. The angular presentation of the coulter should 
be 45°, which is also the angle at which the furrow-slice should be laid over. The depth and width 
of the furrow-slice should be as 2 : 8. 

Figs. 29 to 33 represent different modes of turning furrows adopted in various soils. 
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Fig. 29 illustrates the 
perfectly rectangular furrow 
with the bed level; Fig. 30 
is of a crested furrow; Fig. 31 
a completely invcrted fur- 
row-slice ; Fig. 32 shows the 
effect of ordinary plough- 
ing, here the furrow-slice is 
broken; Fig. 33 is of the 
results of extra wide plough- 
ing, and has a broken furrow. 

All good  constructurs 
agree in placing the point of 
the coulterin advance, giving 
to it an angle of about 30° 
to 85° with the vertical, so that in encountering an obstacle it may tend to raise the latter from 
its path with the least possible resistance; the greater the inclination uf the coulter the more 
the plough tends to enter the earth, and this gives to the plough greater stability during its pro- 
gress. Thia explains why ploughmen prefer a straight coulter to one that is convex, which tends 
to throw itself out of the earth; for similar reasons a concave coulter is to be avoided. ,The section 
of a coulter through a plane perpendicular to its length presents the form of a triangle, the two 
longest sides of which include a very acute anala all madAn anulbaan Paw nAnitla nf nelinawes enaiad 
ance are about 123 in. to 128 in. long, 3 in 
to the cut near the point, and 4 in. to 44 in. 
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Increased with the length of the coulter and with the resistance of the soil. It is preferable to give 
the coulter a most simple form, such as that of a rectangle terminated by a curved point, increasing 
the depth of the plate proportionally to the effort to be supported by the different parts of the 
piece. If the coulter were independent of other pieces of the plough, and had merely to cut homo- 
poems earth which closed after its passage, it is clear that the line bisecting the angle of the two 
orces of the coulter should be that of the direction of movement, but the coulter does not act under 
these conditions. The band of earth detached is pushed towards the right by the other parts of the 
plough, and exerts much less pressure on the right face of the coulter than does the firm earth on 
the left. For this reason the cutting plane of the coulter is parallel to the plane of the body of the 
plough. In ordinary ploughs the point of the coulter is placed slightly above the point of the share, 
in order that the share may equally support the weight of the band of earth, and afford equal pressure 
in the effort to raise the furrow-slice. These details show that the position of the coulter should be 
accurately regulated, and explain the necessity of fixing it by mechanical means susceptible of some- 
what fine adjustment, recognized in ancient ploughs in spite of their otherwise rough appearance. 
It is not here necessary to refer to the different means adopted to connect the coulter to the beam. 
The share is even & more important part of the plough than the coulter. The share acts so as to 
cut the soil horizontally and continuously, and from this point of view its functions, save in the 
direction of its work, is the same as that of the coulter. The reasons given to justify the oblique 
direction of the coulter relatively to the line of movement apply moro strongly to the share. Indeed, 
by the best constructors the straight form of share is adopted. The cutting angle of the share with 
the draught line varics little in the various ploughs. Tho ratio of the greatest width of the share to 
its length is ordinarily comprised between 1 to 3. The width of the share measured porpendicularly 
to tho line of draught, that is to say the length of the soctions practically under the soil, should in 
principle be precisely equal to the width of the band of earth or furrow-slice, and this is very nearly 
the dimensions adopted on the Continent, whilst English makers give genorally less width to their 
shares. The shares of old ploughs are of chilled iron us to the cutter. Their form approaches that 
of a right-angled triangle, of which the hypothenuse forms the cutter, and of which tho long side of 
the right triangle formsa kind of plate, by which it is fixed to the mould-board by bolts or rivets. Steel 
shares are, however, now generally employed, but chilled-iron shares have given excellent results, 
Shares should be cast with care from bronze models, in order that they may always be interchangeable. 
Figs. 34 to 43 are various forms of shnres. Figs. 34 and 35 are for wide and deep work respec- 
tively, Fig. 36 is adapted for stony land. Fig. 37 is for crested work, Fiz. 38 for work cut square. 


35. 36. 37. 
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Fig. 89 is a skim-coulter. Tig. 40 
is for subsoiling, Fig. 41 for ridging, Si 43. 
Fig. 42 for setting out, and Fig. 43 
for paring down sidework. 
he object of the mould-board 
is to raise and turn over the furrow- 
slice detached by the combined ac- 
tion of the coulter and the share. 
This movement is completed in the 
length of the mould-board. The 


geometric form of this essential por- 
tion of the plough has received great study at the hands of mathematicians. Jefferson proposed to 
give the form of the hyperbolic paraboloid; Lambruschini, Ridolfl, and Gasparin prefer the form 
of the helicoid having for directrix the horizontal line. and for second directrix a quarter turn 
of a helix, of which this line would be the axis. But it is evident that the best form of mould- 
board will be determined to a great extent by the nature of the soil, and is not susceptible of 
purely mathematical calculation. The most practical view to be obtained on this subject will arise 
from the consideration of the furrow-slice as being under torsion. If this torsion be too great or 
the curve of torsion too sharp and abrupt, the furrow-slice will be broken; if it be not sharp 
srg be the plough will experience unnecessary resistance. The mean between these extremes 
will depend entirely upon the consistency of the soil, because a short torsion that would quickly 
throw aside a clayey soil of great cohesive power would completely break up a less coherent sandy 
soil. Thus a fair comparicon of two |e hs requires a profound knowledge of practical cultivation. 
Regulators—In order to regulate the depth to which fire share shall enter, there is applied to the 
c 
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beam of the plough in several ways, most simply by a mortice and pin, a vertical bar, to which is 
attached a shoe or a wheel. In swing ploughs a shoe is employed, which, bearing upon the 
unworked earth, aids the ploughman in maintaining an even depth. In wheel ploughs this shoe 
is replaced by a wheel or by two wheels, one of which runs on the unworked soil, and the other in 
the last-made furrow. The means of adjusting these appliances for regulating the depth of the 
furrow are very numerous, but are easily understood upon inspection. 

Plough Bridle, Muffie, Cook, or Clevss.—This is the stirrup-shaped piece to which the horses’ gear 
is attached for the draught of the plough, situated at the front extremity of the beam. It is pro- 
pe wie holes or indents for the regulating of the draught line with regard to depth and direction 
of the furrow. 

Plough Truck or Carriage—This is a frame mounted on wheels, sometimes provided for the 
carriage of the plough over stony roads, or places where the share and coulter are likely to be injured. 

Plough Cleaner.—A kind of fork or spud attached to a long handle, with which the ploughman 
ean detach weeds from the share without leaving the handle of the plough. 

Hornsby’s single and double ploughs consist of a wooden beam with a steel or iron plate on 
either side, secured to it by through bolts. The slade or slipe and coulter are set towards the 





central line of the beam, and the upper parts of the etems are curved to allow of their coming to 
and resting against the outer side of the beam. This ak ee ves great clearance for 


manure and grass or weeds to get away, and whatever passes over the rear end of the mould- 
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board drops clear away into the bottom of the furrow behind it. The fastenings which attach the 
plough-body and coulter to the beam can also for this reason be brought closer together, and as 
the bean is capable of resisting a great strain, the points of the coulter and share always remain 
approximately opposite one another, whatever strain may be put upon the plough-handles. In 
double ploughs the additional beam for carrying the second plodgh is formed of trough iron. 
This additional beam is carried by two bolts, each having a broad collar to bear against the iron 
or steel plate of the main beam. The small number of bolts gives great facility for shifting the 
beam towards or away from the main beam, and again securing it according to the width of the 
furrow required. Figs. 44 and 45 are elevation and plan of a single-furrow plough; Figs. 46 and 
47 of a double-furrow plough. 
Howard and Dousheld, of Bedford, have constructed a plough which can be converted into a 
double plough when desired, and in which every attempt has been made to secure lightness with 
rigidity. Fig. 48 isa plan of a single plough, Fig. 49 illustrates the conversion into a double plough, 
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Fig. 50 is a side elevation A A are taper bars of steel, between which distance-picces B, B', 32, and 
B? of cast iron are sot. The distunce-piece B at the head of the bam serves for adjusting the 
draught hake. In converting the double plough, Fig 49, nto a sinzle plough, Fig. 48, tho slide d? 
is removed fiom its sockct in the forward end of the beam, and st back in tho position of the 
slide d', of Fig, 49, the slide d! being rigidly attached to the bam D, and removable together 
with that beam. The slide d?, carrying the furrow wheel when inserted into the backward 
socket, receives the standard of the land wheel. To facilitato the adjustment of the wheels 
in rospect of depth and ensure rigidity of the whecl fastenings, an arrangement is adopted which 
gives the ploughman two means for regulating the depth of the ploughing. The wheel standard 
passes through the wheel slide F, to which it may be secured, if desired, hy a loop and binding 
nut. When, however, this nut is slack, the standard will be free to move up or down im the slide. 
This is so far the ordinary mode of adjusting tlic depth of the wheel ; and to provide additional means 
of adjustment, a hole is tapped in the slide to receive a screw G, that is mounted in bearings 
carried by the wheel standard. The head of this screw is fitted with a handle g, by turning 
which the screw is caused to raise or lower the standard in the slide and adjust the whcel to the 
required depth. Provision is thus made ugainst failure of the vertical scrows, and necessary 
rigidity given to the wheel standards, independently of tho vertical screws during hard work or 
when the mortices have become worn. 

An improved form of drainage plough introduced by Cupaidge is illustrated in Figs. 51 to 58. 
The ploughshare A has attached to its under side a flat sole-plate B, extending some distance 
beyond it in the rear, and on the nose of the ploughshare is fitted the socket of the surface sock 
C, which has three or more notches, c, c', c?, in its front edge, the notch ¢ being baer gd under 
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the draw bar D, while c' and o* are at any required distance to either side. On the draw bar D is 
a socket or eye d, in which is secured the neck of a coulter-blade E. For making a vertical cut in 
the soil, a coulter-blade is ag having a only oa neck and fitting with its back edge into the 
notch c of the sock. The 


lade E is adjustable vertically in the socket d, so as to cut the 
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furrow to any required depth in the soil. If it is desired to cut a V-groove or a drain in the soil, 
this is effected by first fitting to the plough a sock with oblique neck, so as to extend obliquely, 
say, to the right, fitting into notch c* of the sock, and after forming a corresponding oblique cut 
therewith, a coulter is introduced extending obliquely to the left and fitting into the notch c’ of the 
sock. In the holes c® of the sock are fitted scribe pins. When it is desired to undercut or make 
lateral incisions in the cutting, a coulter-blade is employed, Fig. 53, having two lateral blades f f 
at its lowest extremity. By removing the surface sock, putting on the ordinary ploughing sock, 
and raising the coulter-blade, as in the ordinary plough, the implement may be used as a sub- 
soiling plough. 

The Mechanical Work expended in the Use of the Plough.—The following condensed table gives 
the results of a series of trials made with different kinds of ploughs under the auspices of the Royal 
Agricultural Society of England at Hull in 1873 :— 


WorkK EXPENDED IN THE UsE OF PLovans. 





Dimensions of Furrow | poo¢-ips. of | Welght of 


in Inches, Earth 
Class and Description. | “ough. | Horses ———| Verlb ot, | ,digeurbed || “tr ibs 
Width. | Depth. | Earth raised. POT | 2D) Tum 
2 | 8-96 | 4:82 | 12:98 | 96: 414 
Meaines es 2 | 9:38 | 4:85 | 16°18 | 101: || 545 
8 mee xe 2 9°17 | 4°67 | 13°41 95:01 424°7 

Wheel ploughs not 3 11°36 |; 6:97 13°05 175°5 764 

ceeding 24 owt. 7 3 11°64 6°76 13°77 174°7 802 

2 5-OL | 12:71 | 113°8 482 

2 oe 15°69 108°5 567 

: 2 ‘4 | 15°88 | 106°7 565 

Yet 2 5-64 | 16-7 | 113-0 | 629 

: > 2 5°22 16°18 108°2 556 

2 5°45 13°17 118°6 520 

2 5°74 14°62 115°9 565 

5°09 11°31 186°6 704 
Double-furrow ploughs 

: 5°25 12°43 205°9 858 

not exceeding 33 ewt. 5°83 12°69 181°6 168 

5:01 10°57 201°0 708 

4°91 13°89 182°9 816 

Double-furrow ploughs 4 0 2 : 14°62 216°1 1053 

not exceeding 5 owt. 12°57 239°1 1001 

18°34 224°0 996 

Single - furrow plough 

tested under condi- 
tions of double-furrow 

plough to determine 116-0 669 


comparative advan- 
tages of single and 
double ploughs af 
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All these ploughs were tried on a field of second year’s seeda, the soil being very dry and hard. 
Of the work expended by the several parts of the plough, the following deduced from M. Gas- 
parin’s calculation, will afford an idea :— 


Resistance of the coulter ..  .. 1. «1 ss oe oe wee 488 
Resistance ofthe share... 4. ae os ee wee eee 8 
Friction of the mould-board .. 9 .. «2 «se oe ee ee we 10° 
Raising of the earth by the mould-board .. .. .. « « 14°7 
Friction due to plough ..) «1 se oe we weet wwe TO 





Total traction ..  .. oe of cf ef es 196'4 





Steam Cultivation.—Having given some account of the work expended in the cultivation of 
land by the ordinary horse plough, it may be interesting to record some of the data obtained 
at the elaborate series of trials of systems of steam cultivation, undertaken by the Royal 
Agricultural Society of England, at Wolverhampton, in 1871. We shall limit the observations 
to the systems introduced peeco rey Dy the Ravensthorpe’ Company, tle Fisken high-speed 
system, Messrs. Fowler's and Messrs. Howard’s systems. With the Fisken high-speed system 
the indicated work of engine in foot-lbs. per lb. of carth removed, the mean was 22°9 foot-lbs.; 
the average foot-lbs. of work per Ib. of earth moved by Howard’s system was 21°8, which closely 
agreed with the number for Messrs. Fowler’s system. These three systems are all “ round-about ” 
systems. The work expended per acre stands in the following order :-— 


The Fisken high-speed system .. ., .. «. « « 22°] foot-lbs, 
J. Fowler & Co.’s system ..  .. 66 oe wee we 2084S, 
Howard’s system... .. se ete aw. DGST ~ <, 


From these trials a singular and unexpected fact appears deducible, namely, that the absolute 
work in foot-lbs., necessary to cultivate the land, does not depend materially upon the speed at 
which it is worked; that is, that the coal and water consumed per acre will be the same if the 
implement travels fast or slowly. Comparing the resistance of ploughs, diggers, and cultivators 
respectively on light and heavy land, it is found, on taking averages from all the trials, that the 

At Barnhurst. At Stafford. 
Average foot-lbs. of work indicated per lb. of 17:7 21°7 
earth dug or ploughed .. .. .. « oe ee 
Average fvot-lbs. of work indicated per Ib, of 15°2 20°3 
earth cultivated ee Bt } =. 


tus showing that the change from light to heavy land increased the resistance 28 por cent., and 
that the diggers and ploughs consumed about 10 per cent. more power than the average of cultivators 
exhibited. It further appears that ploughing requires rather Jess power than digging. In these 
trials it may be taken that the average consumption of coal was 161 Ibs. per acro, and that of water 
115 gallons per acre. The average consumption of water per lb. of coal was 7°2 lbs., and that 
of coal 7:1 lbs. per mean indicated horse-powcr per hour. Tho 

weight of carth moved per Ib. of coal was 9°3 tons. 









tO # The following is a description of Fisken’s system of stc(am 
cultivation. A traction engine is employed to travel along the 
headland of the field, and a self-moving anchor is used at the 

@ 


: opposite headland with a lightened anchor placed in rear of the 
| engine, An endless stcel-wire rope passes from the hauling 





sheave on the engine to the sheaves on the distant and 
tightening anchors, the tightening anchor being used to 

give the hauling rope proper tension. Fig. 54 is this . 
arrangement in diagram, the cultivator being attached , 
to the hauling rope. The clip-sheave, or grooved shenve, 
for hauling the endless rope, is placed vertically on the engine, 
and is driven by a pinion on the crank-shaft, but this clip can bo 
placed cither on the intermediate shaft, or on the travelling shaft 
of the traction engine. A, Fig. 54, is the traction engine travelling 
along the headlend of the field; B, the anchor travelling on the 
opposite headland; C C, the hauling rope passing from the engine 
to the travelling anchor, and back to a guide pulley on the engine; thence round the sheave on 
the tightening anchor D, and back to the engine. E is the cultivator, capable of working in oppo- 
site directions without reversal of thedircction of the traverse of the hauling rope. From the clip- 
sheave a, on the engine, the rope passes round a guide pulley, a', hung on the engine, thence along 
the line of furrows to the sheave 6, on the anchor B on the opposite headland, returning along the 





ener 
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line of furrows to a loose pulley, a*, on the axle of the pulley a', round the sheave d of the tightening 
anohor D to the main cli alsa ye a on the engine, For attaching the hauling rope to the cultivator, 
there is fixed to the main hauling rod or pin ¢ of the tilling implement a louble-jawed on 
tudinal clip F, Figs. 55 and 56, for receiving and gripping the endless rope. This clip is formed of a 
fixed plate f, and two movable plates, j', #*, which constitute the gripping Jaws. The movablo 
lates are hinged to the fixed plate and are acted on by the tightening screw f%, which is worked 
by the ploughman by means of a hand- 
wheel /4, the axle of which is fitted 
with a worm and wheel, f°, f% That 
part of the hauling rope C, which 
passes to and from the anchor B, is 
gripped by the clip F, longitudinal 
grooves being made in the gripping 
surfaces for that purpose. Tv cnsnre 
the gripping of the rope the half- 
grooves are made with undulations. 
When the ploughman turns the tight- 
ening screw in one direction, the lead- 
ing rope will bo gripped and tho 
traverse of the implement will be 
towards tho anchor; when he reverses 
the direction of the tightening screw, 
the return rope will bo gripped and 
the implement caused to traverse in 
the opposite direction. The engine is 
moved along the headland the re- 
quired distance by the driver at cach 
bout The anchor on the opposite 
headland is also hauled forward at 
each bout by means of winding sear 
acting on a rope fixed ahead of the 
anchor, the winding gear being put 
in motion by the endless 10pe sheave 
on the anchor. For the purpose of 
regulating the distance which the 
anchor is to move, the clutch on the 
travelling auchor B, by which the axle of the sheave 5 is connected to the winding gear, is acted 
on by a lever Hi, Fig. 54, to throw it out of gear and arrest the progress of the anchor, This 
lever has its full run on the axle of the clutch, and its free end projects landwards and is prolonged 
so far that the end of the lever will move over a space equal to the distance the anchor has to move 
ata bout; this requires the lover to move over, say one-third of a circle, more or less. To the 
outer end of this lever a cord is attached, which is connceted with a weight in the rear of the 
anchor, for the pu: pose of putting a drag upon the lever as the anchor moves forward. When the 
implement has completed a bout and it is desired to advance the anchor, the ploughman will move 
forward the drag weight by means of the Icver to the distance required for the next traverse of the 
anchor. This forward motion of the lever re-engages the clutch, and the anchor then moves for- 
ward until the drag of the weight causes the lever to ascend the cain and aguin lift the clutch out 
of action. When a portable engine is employed, then a second self-moving anchor is u ed on the 
sume headland as the portable engino, the two guide pulleys required before on the engine being 
now mounted on this anchor which is in line with the engine. This latter arrangement requires a 
greater length of stcel rope to stretch double all the length and breadth of the land to be cultivated, 
and the portable engine must be fitted with a clip-sheave driven by a pinion on the crank-shaft. 
The second travelling anchor in this arrangement is to be fitted, luke that in Fig. 54, with tho 
weighted lever and cam for throwing the clutch out of action. 

Until the year 1876 ordinary steam ploughs were constructed to make furrows of a definite 
width. The depth to which the land is to be ploughed could be varied within certain limits, but 
the width of the furrows or their distance from each other could not be varied, because those parts 
of the implement which cut and turn the furrow, were rigidly secured to tho frame of the plough 
and at the same lateral distance. To make furrows of a different width a separate plough was 
required. Attempts had cettainly been made to render the same plough capable of running 
furrows of different widths by constructing the plough so that the cutting and turning parts could 
be shifted to greater or less distance; but these ploughs did not give satisfactory work, except 
between very small limits. Fisken sought to meet this objection by constructing the frame of 
the plough, Figs. 57 and 57*, in three parts, bolted together. Figs. 57 and 57* represent a four- 
furrow frame. The cutting and turning paits of the plough, the coulters, and the skives, which 
latter carry the shares and the mould-boards are secured to the two outer frames; these frames 
are similar to each other. The middle part of the frame, which is a very costly portion of a 
plough, thus serves for all kinds of work, and any kind of agricultural implement used in stcam 
cultivation of land can be attached to this frame. 

In 1877 an improved self-moving anchor was introduced by D, Johnson, of Hockley Heath, consist- 
ing, Figs. 58 and 59, of a metal frame A mounted on the two rear wheels B and the front whoel C. 
wo is a broad cutting coulter at the rear end of tho frame to support the anchor aguinst the side pull 
of the rope upon it, This coulter D is supported by a verticul shaft d, which carries the pulley E, 
around which tho traction rope ¢ passes. ‘The coulter-shaft d is held firmly by the stay F fixed to tho 
auchor-frame. At the front of the frame A is a second coulter J, for guiding the anchor along the 
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side of the field. The second coulter J is adjusted and fixed on a quadrant & by a stop pin. At 
the rear of the steering or guiding coulter J is a jointed stop and drawing foot G, turning on a joint 
at g, on the frame A. By means of this foot the anchor is fixed in its position during work. 





During the normal working of the apparatus, that is, when tho anchor is required to be stationary, a 
knot in the rope i does not approach the drawing foot G, but when it is wished to alter the position 
of the anchor, the reversal of the winding drums or of the windlass at the engine is not effected 
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until the knot bears against and lifts the foot G into the position indicated in dotted lines at H, 


: tion é, acting on the foot 
Fig. 58. The anchor being thus released, the further motion of the pvieaage a4 tbe cetding soaliet 


G, moves the anchor to the required ition, the lateral holding ooul 
J as the anohor is drawn alone by riage cutting their way meh a8 the land. Thus the motion 
of the traction rope is made to release the anchor and move it at the proper times, longitudinally 
down the field towards the traction engine or point of haulage. : ae se 

A system of steam cultivation by John Fowler and Oo., of Leeds, is described in the first volume 
of this Dictionary: the following is another system adapted to be worked by an ordinary portable 
or traction engine, and is atrong enough to take the power of & 10-horse-power engine. All loose 
parts in the tackles are dispensed with, and the system can be quickly removed and fixed in posi- 
tion. The plan of working is in one respect different from any proposed, The engine and windlass 
being placed on one headland, the anchors are let down at the two ends of the same side of the field. 
The rope being pulled out, the work begins at once along the same headland, the anchors working 
gradually away from the engine. This method of working gives the advantage of having little 
rope to pull out in starting, and dispenscs with taking anchors and snatchblocks into remote 
corners of the field; it also secures perfect coiling, ag no slackness is occasioned by the movement 
of the anchors, and every journey of the implement decreases the quantity of rope on the drums, 
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After finishing between the two headlands, the tackle is in a position to plough the headlands 
ery they reopen of parts, eo fans eee implement can be haulod k to the wind- 
TOpe, a é field clea j i 
mona diate rll op rari red of all tackle without the assistance of horses. Two 

The windlass, chown in Figs. 60 to 63 to a very small scale, is constructed on four wrought-iron 
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road wheels. The winding apparatus consists of two horizontal drums, which, by means of coiling 
pont, , wind and unwind the wire rope uniformly without gu attention. This is done by a self-acting 
ever, which carries two vertical guide ara be moving slowly up and down, and freely swinging 
round the drum into any position at which the rope hasto work. Thus any undue strain on the ro 
as well as on the gs ween is sea apa avoided, and all friction of double snatchblocks, &c., entirely 
done away with. @ rope pays out from the drum at any angle required by the work without 


~ 
4 KARA De =f 
a 


sail 


L a 
-——| 





snatchblocks or double snatchblocks being necessary, whilst more perfect coiling is sccured by the 
coiling gear and the peculiar way of working the tackle, previous! described, that in any windlass 
hitherto brought out. Tn dispensing with the double enatchiblock not only wear and tcar of the 
rope is diminished and loss of power avoided, but also a very troublesome item in setting down the 
tackle in a field is entirely obviated. 

For the reclamation of waste land the Sutherland plough has been introduced. This plough, 
Figs. 64 to 66, constructed by John Fowler and Co., is a framework carried on six wheels or rollors, 
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two for the land side, two to press on the top of the furrow, and two in the centre in connection with 

the coulters which form the steerage. Thehcad of the plough is ae from the centre of the frame, 
0 


and is double-endcd, havin ing a lateral cutting sl are of a triangular form, so as to cut either way, 
From the centre of this head there is a double-ended mould-board hung from a centre, which swings 
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to either end, and works from either side to suit work in both directions, and is self-acting. The 
coulter is an eccentric diso, and works close to the point of the head, being set to cut an inch or two 
below the sole of the head and share. In this way, when an obstruction is met, the revolving 
coulter carries the head over the obstruction. The two land-side rollers or wheels give balance to 
the implement, and assist in carrying it through gullies or other incqualities of the surface. The 
two furrow wheels are intended to assist in spe, aes the turning of the furrow after it leaves the 
mould-board and press it into its position, and otherwise to give balance and guidance tothe imple- 
ment. To each end of the frame, which is a strong trussed structure of malleable iron, is hung, on 
another centre, a huge plough of ordinary construction, with a long beam of great strength. The 
object of this is to cut a second furrow from below the first one, and to bring the earth to thetop. It 
is kept down to its work by a loop line of wire rope passing over the plongh in connection with the 
tuil and pulling rope. The pull for drawing the imple ment is taken through this beam, and when 
required to be reversed the engino pulls tho ono plough out of work, while it presses tho other by 
means of the looped line into place. Thie object of having the plough hung ona centre kept in ita 
work by means of the pressure of the tail-rope is to give an elasticity to tho working of the implo- 
ment, so as to allow it to rise from obstructions where these cannot be pulled out. The one end 
of the implement is a duplicate of the other, unless in as far as the one is right and the other left 
handed, the implement working either way without being turned. . 

As balance ploughs were originally constructed, the horizontal pivots of the plough-beam were 
carried by an inner frame, which was itself connected by a vert.cal axis to un outer or wheol 
frame, and on which were the stud-oxles for the main carrying wheels. Tho stvering of the 
implement was effected by turning the wheel frame about the vertical axis, und a handwheel and 
screw were provided for the purpose. This arrangement was found inconvenicut, because the 
locking of the wheels caused some irregularity in the depth of ploughing. Consequently another 
system was resorted to, in which the inner frame was dispensed with, and the horizontal pivots on 
which the plough-beam rocked were carried upon the same fiame on which were the stud-axles for 
the carrying wheels, the stecring being effected by movement about a vertical axis imparted to 
the stud-axles mdependently of the wheel frame. ‘This arrangement has again been found incon- 
venient, for that upon 10ough land an obstacle in the path of one of the wheels is liablo to cause tho 
whole implement, including the plough-beam, to be slowed out of its course. Greig, in 1877, 
introduced an arrangement for the steerage of tho implement in a similar manner, but at the same 
time providing for tie freo play of the plough-beam about an upiight pivot or centre upon the 
wheel frame, independently altogether of the steerage of the implement. This admits of tho 
plough-beam pursuing its true line of travel, even when an obstacle in the path of one of the wheels 
may causo the wheel trame to run untruly. Upon the lower bar of the wheel frame is mounted a 
block, so that it may be able to rock about the bar as an axis; and upon the block is mounted at 
right angles to the bar a stud or pivot, which enters a socket in the middle of the plough-beam. 
The draught rope is connected to the plongh-beam by draught bars attached to the beam behind 
the wheel frame and below the centre of the wheels, sv that the draught tends to kecp the plough- 
bodies down to the work. The eye by which tho diaught rope is connected to the diaught bars is 
in fiont of the whecls, and a guide or stay in connection with the wheel frame sustains it, and 
keeps it in a central position in respect tu the frame, so that when the wheels are thrown out of 
line by any obstacle the pull of the iope acting on this guide or stay immediately struightens them 
again. Figs. 67, 68, and 69, are clevations and a section of this plough. aa isthe wheel framo, and 
the stud-uxes a! a! of the main wheels 66 are adjustable up and down upon it by means of the 
screws «?, Tho bars «a? of the whecl frame, on which the blocks currying the stud-axes slide, are 
square in section and can be turned ; thcse are connected across the frames a, to cause them to movo 
simultaneously, by the arms a! and the bara. «° is a quadrant fixed on one of the bars a’, and a 
worm au? gears with it. This worm is coupled with the axes of the steering wheels. On the lower 
bar of the wheel frame a saddle or clip c 1s mounted ; it is free to turn upon the bar, and it carries 
at right angles to the bar the pivot c', upon which tho plough-beam dis mounted, and about which 
as a centre, it is ablo to turn. Upon the plough-beam the plough-bodies aro mounted, as is usual 
in balance ploughs. ¢e¢ are the draught rupes, connected by the draught bars c' e! to the transverse 
bar ¢*, which in turn is coupled by the links ¢? with the plough-beam. / is a guide or stay clipped 
on to the lower bar of the frame a, and having sockets ut cach end, through which the draught 
bars ec! pays. By these arrangements the plough-beam is free to maintain its direction indo- 
pendently of any irregularity in the motion of the wheel frame, which, however, cannot slew 
without deflecting the hauling rope from its direct course, so that immediately the obstacle causing 
the irregular motion is passed, the struin on the rope brings the frame round aguin to its proper 

ition. 
ee Fig. 69* is Knight’s steam-power digging machine, specially intended for hop-gardening. Tho 
machine is driven by a rope running over tho three pulleys, A, B, placed on the top of the 
implement. The implement is imp: lled forward and the forks are driven, when required to work, 
simultaneously. The pulley A is the main driving part, tho pulleys B being ety above to 
give the rope a sufficient grip. The power is further communicated by the wheel D to the main 
axle, a notched pulley E and a pitch-chain. There are three forks hung on ag many loops of the 
crank, tho loops being at different angles, as shown by the positions of the forks ccc. The 
upper of each fork-staff describes a circle with the revolution of the crank, but as the fork-staff 
is held by an arm one‘fourth of its whole length from the bottom, the figure described by the point 
of the fork is not a corresponding circle, but an oval. By throwing the cairier of the arms forward 
at the top, the bottom is thrown back, when an ore instead of a perpendicular thrust is given to 
the forks. With the forks held in the position of the dotted lines the depth they would enter the 
soil would of course be less, while the angle at which the spits of soil would be picked would also 
proportionately differ. The forks may be lifted entirely free from the surface, and for this there is 
@ handle. 
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G. Greig’s cultivator is intended to be worked by steam power, and consists of one or more series 
of discs mounted upon an axle and free to revolve. The axle or axles are inclined to the line of 
draught, so that the discs when drawn padi oe the land, displace and pulverize the soil. In order 
that the soil may be thrown the same way in whichever direction the implement travels, the axis 
of the discs is sq arranged that it can be 
made to incline in either direction to the 
line of draught, or the discs are mounted on 
eccentrics upon the axis in such manner . 
that by turning the axis half-round, the 
required change is made in the inclination 
of the discs. When a furrow wheel is 
employed, the position of the axis on the 
frame is changed when the direction of 
the draught is reversed, so that the leading 
edges of the discs may occupy the same 
positions relatively to the furrow wheel in 
either way of ee If several series 
of discs are employed, steering gear may 
be applied, so that the implement may be 

idea by steering the leading series of 

iscs. At other times separate carrying 
wheels can be used in connection with the 
frame of the implement, and steering gear 
in connection with these wheels. 

aa, Figs. 70 end 71, is a rectangular 
frame to which the draught ropes 66 are 


{_i3 
a iar 11 
attached; co are axes connected with the | iT Test 
frame « in such manner that they can turn 
around the perch-pins @d, so as to incline ie ri 9 
the frame; ¢e are dises mounted upon the oe: oon 
axes c, so that they can turn frecly and il aint 
an axis carried by the frame between the i 
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independently the one of the other; f is 


are mounted so as to be free to turn upon 

eccentrics fixed upon the axis, and when 

desired the axis f cun be turned half-round 

by means of the lever-handle /! ut its end, 
80 as to reverse the inclination of the discs; - 
hh are rollers mounted at the ends of the 

frame a, each has a worm-wheel upon it, 

and a worm ¢ engages with the worm- 

whecl, so that by turning the steering 

wheel 4, which is on the same shaft with 

the worm, the roller 4 can be rotated and 

made to wind and unwind the chains / 
and to draw the axis c, to which the ends 

of the chains are attached, into an inclined 

position, and so to guide the implement ; 

m is the seat for the steersman. The 

leading axle e and the discs upon it are 

employed in stecring in whichever direc- 

tion the implement travels, and the hinder 

axle is set over to incline its discs in a 

direction opposite to the direction of the 

discs g. ‘The dotted lines nn indicate 

road wheels which are removed when the 

implement is put to work. 

The implement, Figs. 72 and 73, is 
constructed by John Fowler and Co., 
of Leeds, for opening wide drainage 
or irrigation ditches, as required for 
sugar and cotton cultivation. Near the 
front end the frame is provided with 
& rope-sheave, round which the rope 
from one of the ploughing engines passes, 
its other end being fixed to the hind 
wheel of the same engine. Thus the 
strain exerted by the engine on the im- 
plement is doubled. The knife is let in 
and lifted out of the ground in the follow- : 
ing manner. The axle of the hind wheels -~ * 
is cranked, so that in turning it the wheels are pressed down or lifted up, and the frame also 
either raised or lowered. The ditch is cut by two coulters and a share, after which a third 
central coulter splits the mass of earth to be removed into halves. Two long, straight mould- 
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boards conduct the earth upwards, and deposit it on both sides of the finished ditch. ‘Ditches of 


1} to 2 ft. in depth can be made with this implement at the rate of a mile an hour in suitable soil. 


Fig. 74 is a plan, and Fig. 75 a 


ridger by Headly, Hill and 
Warden. It is made with a fore- 
carriage a and steerage 0, and 
fitted with a lift c, to raise the 
hoes out of work at Jand’s end, 
and enable the machine to be 
moved from place to place with- 
out detaching any portion of its 
mechanism. 

The horizontal bars d, which 
carry the hoe-standards e, slide 
through two cross heads f and 
through the steering handles g, 
giving great facility for movin 
the hoe-standards to the faunal, 
or avy particular width of crop- 


ing. 
. The steering handles g, are 
hung upon a horizontal draught- 
bar A, in front of the fore car- 
riage. This draught-bar can be 
adjusted to any width, by shifting 
the cyes or loops h' in the slots, 
and fixing them in the required 
positions by lock-nuts; and by 
raising or depressing the draught- 
bar in the slots ¢, which is effected 
by lock-nuts, the depth and even- 
ness of hoeing can be arrangod at 
pleasure. Ridging or moulding 
plough-bodies, Figs. 76 and 77, 
which consist of pointed or winged 
shares j fitted to heads or stems 
j', carrying light movuablo stocl, 
iron or wood mould-boards 7?, are 
attached to the horizontal bars d 
by means of the usual clips or 
fastenings f used for sccuring tho 
hoes, the clips 4 having two set- 
screws 4}, thus avoiding the 
possibility of any latcral move- 
ment of the implements when in 
work. 

Any of the usual forms of 
this implement may be applied 
to potuto-raising, by attaching 
several grids or bars of openwork 
to the ridging heads or stems j', 
and an additional tail-picce or 
set of prongs to end of slipe, so 
as to thoroughly separate the 
soil from the potatoes; by this 
means several rows can effectu- 
ally bo lifted at once. 

Mechanical Sowers.—In any 
agricultural country the quantity 
of secd sown is so enormous that 
tho smallest economy, either in 
the labour of sowing, or in tho 
seeds sown, represcnty an import- 
ant annual value. This fact has 
been fully appreciated, and the 
improvements in drilling and 
sowing machines are only out- 
numbered by the attempts at im- 
provement. The first process of 
sowing in all countries is the 
ancient one of “ sowing to the 
wind” by hand, or hand-sowing. 


Simple as the operation appears, it needs practice, a certain ability, 
hand sower will dis the seed from either hand with equal 


eower may become, hand-sowing cannot compete 





side elevation of a general purpose steerage horse-hoe or 


and attention ; and a good double- 
facility. But experienced as the 


in precision and accuracy of placing the seed with 
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machine-sowers. The hand-sower, morcover, lcaves the grain he throws into the ground unoovered by 
soil, and the operation of covering soil over the grain must be a separate one in which the field 
traversed by the sower must be again worked. With the sowing machine, the preparation of the 


14. 





earth to receive the seed, the sowing of the sced and covering it are operations performed with 
practical simultaneity. Cortain mechanical sowers mix the grain with a propor proportion of liquid 


or solid manure. The necessity of working equally well on rising 
ground as area aulis | adds to the difficultics attending the construc- 
tion of a sowing machine, and the conditions to be fulfilled aro suffi- 
cient, notwithstanding the numerous machines introduced, to reduce 
those practically successful to a small number. 

Spoon Drills—The machine which we illustrate may be taken asa 
typo of this kind of drill or sower. The grain-distributor consists 
of a scrics of small spoons, Figs. 78 and 79, of dimensions propor- 
tional to the size of grain that they are to hold, the shanks of these 
spoons being set perpendicularly to the plane of a sheet-iron cise. 
This disc is mounted on an axle which receives its rotative movement from gearing R, Fig. 80, 
mounted on the wheels carrying the machine. The velocity of rotation of the spoon-disc is there- 
fore proportional to the space traversed by the drill. The spoon-disc revolves in a wooden box 
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with concave bottom, constantly fed with grain by a ot 4 99 placed at the side and slightly higher, 
Wig. 81. Each spoon arrives in turn at the lower part of the box and fills itself with peede, which 
it raises and throws into a funnel arranged to receive them. This funnel communicates with 
a series of flexible tubes, which the seeda traverse in order to arrive at the part of the machine 
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that introduces them into the soil. This part of the machine 
is very simple, very strong, and constitutes the trait charac- 
teristic of perfect sowers. It consists of a kind of coulter C, 
carrying at its hinder part a larger drill in connection with 
the tubo ¢! supplying the grain. This coulter opens the 
sufficiently mellowed soil to a certain depth, it allows the 
grain to fall to the bottom of the trench that it makes, which 
it closes by allowing the earth to fall in. Tho distributor 
and the share are the essential parts of the drill. Tho spoon- 
discs are put in motion by the gearing R, and each revolution 
or fraction of a revolution of the wheels corresponds to the 
emptying of a certain number of spoons into the funnel, and 
so to the arrival in the soil of a certain number of seeds. ( 
When the machine the distribution of the grain stops /¥ 
also, and it is impossible for the grain to be delivered in ex- We 
cess. The equality in depth at which the seed is buried is 
obtained by a very efficacious arrangement. The coulter is 
mounted on @ jointed lever, sustained’at its other extremity 
by @ chain wound on the whim TT, and raised or lowered at will by the handle mm. If the 
chains are so raised that the coulters are above the earth, as shown in the figures, the machine 
does not work, and may thus be transported along roads. The weight of the coulter and of 
the lever which supports it is regula in such a manner that it enters the soil to a depth 
fixed by the position of the whim and by the free length of chain. If the soil offers more 
resistance than ordinary soil, or if the depth is above the average, weights are placed at the end 
of the lever. If the coulter encounters an obstacle or a portion of the earth accidentally higher 
than the rest, it raises itself by turning around the centre O and falls as soon as if can retake its 
normal position. Tubes of caoutchouc have been proposed as substitutes for the funnel-tubes t', 
but these afford ter freedom of action. All the spoon-discs are mounted on the same axle 
parallel to the axis of the hopper which contains the seed. This axis should be very nearly hori- 
zontal, even when the machine works on earth inclined to the right or left. This result is obtained 
by putting cast-iron wedges under the axle of the hop r. It 1s necessary that the grain-box and 
the funnels into which the spoons are emptied should always preserve the same relative vertical 
position when the machine ascends or descends a peorie G A screw, commanded by its handle, 
obtains this result. The small hammers /, Fig. 81, raised by the shanks of the spoons, strike the 
funnels and impart to the whole system a slight vibratory movement intended to prevent fine moist 
grain from adhering to and hindering the action of this part of the machine. 

Kipping’s drill includes a travelling surface provided with recesses of suitable itude for 
receiving the particular seed req to be sown, and in the desired quantity, this surface 
constituting the bottom of a hopper and being provided with pistons which move in recesses. 





AGRICULTURAL IMPLEMENTS. 88 


Figs. 82 and 88 represent the Sperene parts in transverse and longitudinal sectidéns. A cylinder 
fixed upon a shaft is caused torevolve. In Fig. 88 this cylinder is broken off at the middle, but along 
ite length are groups of perforations of different sizes, suitable for various sizes of seed, for turnip, 
fur instance, and for beans, the intermediate sizes being suitable for wheat, barley, or other grain. 
Within these perforations are pistons, the inner ends provided with loops strung upon bars, the ends 
situate in grooved cams, through which the shaft passes loosely, the cams being fixed, 80 as not to 
revolve, to the framework of the drill. The configuration of the groov.s is shown by dots in 
Fig. 83, and slots are formed in the ends of the cylinder which act as guides for the rods ;.@ 
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hopper, the bottom of which is constituted by the cylinder, being mounted so as to slide upon rods 
carried by the framework. To this hopper is attached a guard extending dowoward along the 
circumference of the cylinder and terminating in a spout, Within the hopper is a rod, curved s0 
as to correspond with the circumference of the cylinder, and upon this rod is a brush, which may 
be tightened in any required position by a sct-screw. Fig. 82 shows the recesses and one row only 
continued around the circumference of the cylinder, but the others are di-posed in like manner, 
and the pistons are omitted «xcept where the section is taken. Tho action of the apparatus is as 
follows ;—It being assumed that the cylinder is caused to revolve in the dircetion of the arrow, and 
that seed is fed to the hopper from a main hopper, in any ordinary manner, it requircs to be measured 
and distributed by means of the rings of recesses; the description, however, will refer to the sowing 
of one row of grain only, into a furrow made in the usual manner by a coulter. As soon as the 
revolution of the cylinder has carried the recesses into the hopper, tho shape of the cams draws 
the reds downward, and the pistons, which before this have filli.d the recesses, purtaking of that 
motion, cavities are successively formed, into which a cerfain number of secds pass, the brush 
sweeping off the superfluous quantity. As soon as a recess passes the brush, the shape of the 
grooved cams draws the pistons farther downward, so that when the recess reaches the guard, the 
measured quantity of grain has a superfluity of space, the object being to prevent the loss of grain. 
When a recess has passed the guard, the grain is freo to fall through the spout. ‘T'he grooved cama 
then quickly project the piston, to ensure emptying the recess, the pixton also serving to clear 
ow any dirt that may have been taken up. The grain thus dclivered tu the spout is conducted 
to the furrow by the usual means. This description has referred tu the sowing of one row only, 
but the cylinder has as many groups of reccsses as there are rows to be drillid, each group having 
its hopper and brush, Fig. 82; and in order to use this hopper for any one of the rings of recesses, 
according to the size of the seed, or the quantity to be delivered at a time, the hopper is made to slide 
longitudmally on rods. The brushes are mounted on the ¢urved rods, for the purpose of shiftin 
them backward or forward, so that the quantity of seed which pas:es into the recesses may be varied. 
Tooth’s plough drill was designed for the purpose of improving the natural pastures of New 
Zealand. ‘The tirst machine was built by Garr tt and Sons in 1865, and has been in almost 
constant use ut Alford, New Zealand. The seed is contained in the box A, Fig. 84, whence it is 
delivered by the cup barrel B, driven off the travelling whcel by a chuin having two changes 
of speed, into the telescopic pipes C, leading to several levers, into which are keyed stout 
wrought-iron pipes E, upon which the shoes or shares F are fastened by set-screws. These shoes 
are of steel, hollow and chisel-pointed, for cutting into the ground and overcoming the tussocks, 
routs of trees, and other obstacles. The depth of the furrows is regulated by fastening the dises G 
higher or Jower on the pipes E, by means of cramps. The seed is deposited through the shoes F, 
in the bottom of the grooves or furrows cut by them, and the ground is then pressed and con- 
solidated over the seed by the rollers G. The wheels are much higher and stronger than those of 
the ordinary drill, and the whole machine is specially adapted for rough usage. It is drawn by 
two horses, the driver riding upon the top of the box, whence he is able to watch the action of the 
levers, to wind them up or lower them as necessary, by means of the large fly-wheel H, which com- 
municates by sheaves and chains with the winding barrel at back of drill, and to regulate the 
position of the box, to suit hilly or uneven land, by means of the regulator K, which is similar in 
principle to that in ordinary corn drills. The framework in front of the driver is arranged as a 
tform, upon which sacks of seed, to replenish the box when drilling very large areas, can be 
id. The distance between the rows can be regulated in the usual manner in drills, by altering 
the number of levers used. The levers are easily shifted, fixcd on or taken off the arras bar, by 4 
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joint containing one bolt and nut only. The levers are made fore and aft, in order that they may 
not be choked. In passing through the tussocke, the fore shoes are clear of the obstacle before the 
after ones encounter it. This machine, by means of the wheel running behind the shoe, regulates 
the depth at which the eced should be deposited, a point of great importance in sowing small seeds. 
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Harrows.—The harrow effects on a large scale the 2 of a rake, and usually consists of a 
number of rough points, or spikes, fixed in a frame. The tripod-pieces of harrows as ordinarily 
constructed, when put together for work, leave open spaces between them, but in Howard and 
Bousfield’s Sommerton harrow, Figs. 85 and 86, these 
spaces are divided up by links which are suspended trom 
the tripods, and serve to act upon the ground, greatly 
adding to the efficiency of the implement. 

In the Figs., aa are the tripods made of cast iron, 
and connected together as usual by means of rings of 
wrought iron b. ‘The spaces enclosed by these tripods 
are divided up by means of links cc. 

Randall’s Pulveriziug Harrow,—In treating farm lands 
reclaimed from turf or peat-bogs, there was at one time 
great difficulty in reducing the furrow of turf after the 
plough; ordinary harrows often failed to penetrate it, 
and it had to be chopped up by hand-power. A great 
advantage has been obtained from the use of Randall’s pul- 
verizing harrow, an American invention, Fig. 87. Be- 
neath the bar to which the shafts are attached, there are 
two frames, each carry- 
ing six sharp -edged 
revolving discs, 80 ar- 
ranged that they can be 
ret obliquely at any 
angle to the line of 
draught. The discs 
are not plain but are 
slightly dished, the con- 
cave side being in- 
wards. Each disc cuts 
info the furrow, and 
pushes the strip it has 
cut towards the centre 
of the machine. When- 
ever the furrow istough, 
the weight of the driver 
increases the cutting- 
poner of the harrow. 

he work done by this 
machine is of great ser- 
vice in comminuti : 
turf and peat. When the bog is not firm enough after draining for ploughing, it must be dug by 
band and thrown up in ri or lazy beds, 4 ft. wide. : 

Reapers, Mowers, and Harvesters.—Fig. 88 represents Wood's self-delivery reaper, and Figs. 89, 
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90, and 91, detached pieces of the mechaniam. Fig. 91 shows the method of communicating 
rotating motion to the reel-shaft from the main bearing or driving wheel, through a pinion gearing 
into teeth on the inner face of the wheel. a is the shaft upon which the pinion is fitted; it carries 
at its outer end a worm 6, the blade of which engages between the rollers c, on a horizontal disc 
or plate d for turning it. The axle ¢ of this disc passes through 4 support f, to keep it in a vertical 
ition, and also through a cam-block g, the face of wh‘ch is of peculiar shape, to compel the rake 

, and reol-arms 1, to rise and fall to follow the work. The upper part of the axle curries a hood /, 





furnished with lugs 4 4, through which the pins of the arms 4/ and ii pass. These form the joint- 
ins for the arms, and algo serve to carry them round with the hood, which is keyed upon tlic axle, 
igs. 89 and 90. Thecam-block or plate is held in place by a brackct », bolted to u brace o, the 
distance being maintained by the height of a socket or pillar f, which is also bolted to the brace o, 
The brace is centred at its ends upon brackets, springing from the side beam of the machine, 
Its purpose is not only to support the hood and the parts in connection, but also to enable the 
axle with its appendages to be tilted, so that the rake-arnis can pass obstacles; and for this a 
foot-beam q, is attached to the mp of it. Tho cam-block g only lodges upon the socket or pillar f, 
and its position is governed by the length of the curve given to the strap n. By this means the 
block can be shifted round upon the socket, and held firmly at any part, for throwing the rake 
and ree] blades into work, in advance of, or behind, or over the points of the fingers, and also to 
rise clear of the plaiform. Tho block or cam is so made that a portion of the working face is at 
the edge, and a portion under the edge, these portions being at different parts, so that the rake 
or reel arm, in passing over the platform, is not allowed to mse or to drop any of the grain. 
The arms are arranged in pairs through rods or links, and this coupling permits the vertical arm 
to find an abutment against the edge of the cam-block. The depression of the fuot-plate enables 
the attendant to lift the rake-blades, so that they act as reel-blades only when passing over the 
platform, and allow the grain to accumulate upon the platform until there is sufficient to form 
8 sheaf, when he can remove his foot and allow the next rake to sweep the grain off. By this 
arrangement, where the crop is very light or thin, he can so time the delivery that the grain 
deposited shall at all times be sufficient to form a sheaf. Where the grain is heavy or thickly 
grown, this will not be necessary, as the rake-blades will act in regular order, and deposit behind 
the track at fixed distances. Each of the rake-blades is filted at one end with a bolt or pin s, so 
that they can move upon them, and a bar or link ¢ is sccured to the other end. This is provided 
with a number of slot-holes, for raising and lowering to suit the height of the grain, and to 
act upon the grain nearer to or farther from the ears; the bolts or pins pass through plates on 
the bars. About the middle of the knife-bcam is fitted an elongated finger w, with a curved top 
face for the rake-blades to ride up should they descend too low, and to prevent the teeth coming 
foul of the knives, and an iron strap is fitted between the two teeth, to prevent the blades rie 
injured. In Fig. 88 only one main bearing wheel is shown, and this is com of a ban 
with teeth in the inner periphery, for the teeth of the pinion to gear into, and with two rings 
placed vertically and held in position by tie rods, on which rollers are mounted for bearing 
against the base rim of the teeth, one of these rollers being toothed, to act as the pinion for 
tranemitting the motion to the knives, and also to the reel-arms, if the machine be a reaping 
Nn 2 
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machine, or a combined reaper and mower. The band wheel is held between the frame by the 
vertioal rings, and the height for cutting can be regulated by a pin. The wheel has no spokes, 
and the connecting rod can be paeed through it, so that the Pavel. earing for actuating the knives 
can be upon the outside of the framing, and the cutting take place in a line with the centre or axis 
of the wheel, so as not to interfere with the draught or pull of the horses. There is e peculiarity 
in the rising and falling motion of the machine when the wheel is employed, and that 1s that the 
platform is not canted, or brought lower, at one end or side than the other, because the fixed pin a, 
or axle of the rings, forms tle fulcrum at all times, and movement imparted to one point is instantly 
communicated to tho whole of tle machine. The platform and framing always form one plane 
with the horizon, at whatever height they may be moved by the lever at the back, when passing 
obstacles, The tilt of the platform for angular cutting, is obtained from the position of the 
adjustable nut upon the front cross-bar, Swivel blades are fittcd ut the tips of the rake and reel 
arma, to ride over the platform ridge, to prevent the entunglement of the ears of the grain, should 
they droop in the direction of the platform. Reciprocating motion is communicated to the knives 
only when the mschine is travelling in the forward direction, and for this purpose, a kind of box 
on the axle is arranged, in which a series of ratchet teeth are made for s pawl to drop into, the 
paw) being kept iu action by the spring, the pressure of which is overcome by the pawl riding 
over the teeth if the machine is moved backward. 

Keursley’s Mowing Muchine.—Figs. 92 to 98 show various details of one of several varieties of 
mowing machines manufactured by H. and G. Kearsley, of Ripon. 

The form of the frame, which is of iron, is seen in the plan, Fig. 92, from which also the arrange- 
ment of the motion will be understood. Upon the axle of the travelling wheels of the implement 
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ig pai a spur-wheel gearing into a pinion, cast in one piece on a spur-wheel which runs oo a 
movable stud, and allows the motion to be thrown in and out of gear by an eccentric lever. The 
spur-wheel last alluded to gears into a pinion on the main axle, and cast in the same piece with it 
is a bevel wheel, which drives the bevel pinion keyed on the crank-shaft of the implement. This 

is enclosed in a casing, which protects it from dirt, and also serves as a guard to prevent 
the entanglement of the reine. The lifting apparatus consists of an ordinary lever and. ohath. 
attached to a quadrant that is fastened to the joint-bar by a double stud and bolt, -A short slotted 
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lever is fastened to the joint-bar by e bolt and stud, and in this lever isa notch, there being a cor- 
tesponding notch in the end of the joint-bar, which forms a fulcrum for the lever to work upon. 
The quadrant passes through a slotted lever, and thus, if the outer end of the guide-bar is in a 
hole, the driver can raise it to a level position, as soon as the inner end begins to move, and by the 
same means the finger-bar can be raised high enough to clear obstructions in the field. The guide 





in which the knife works is formed with a step, next to the finger-bar, in order to increase the 
slanting edge under the guide, and prevent the accumulation of dirt under the knife. Thus 
the spur-wheel d, Fig. 92, is keyed to the main axle ¢, and gears into the pinion ¢, cast in the 
wheel f, and running on the stud wv. This whecl gears into the pinion 4g, on which is cast the bevel 
wheel 4, The pinion ¢ is driven by the wheel A, and on the other end of the shaft is the crank- 
disc 4, to which is attached the end of the connecting rod m. Jn this rad is a tube containing oil, 
and at every revolution of the disc 4 a quantity sufficient for Inbrication is liberated. The other 
end of the connecting 10d is attached to the knife-bar. The dotted lines nn show a stay or support 
secured to the frame « at the back of the implcment, and to the finger-bar 0, and joint-bar /, to keep 
the frame in position. The lever j is pmned at n on the frame «, which carries the crank-lever, and 
to which is attached the chain v, and the quadrant q, which passes through the slotted levi r p, Fig. 
97, attached to the finger-bar, the quadrant being connected to the joint-bar. This is the lifting 
arrangiment. For stopping or starting the implement, the lever s is employed, having at its lower 
extromity an eccentric working on a stud u, on which the wheels ¢ and / revolve. This is effected 
by moving the lever from 1 to 2, Fig 98, as shown in dotted lines. The guide in which the knife 
works is shown at c',and the notch already mentioned is at f’. This forms part of the guide for the 
knife to work in. The slanting edge «' prevents the accumulation of dit upon the guide. Figs, 
93 to 96 also show the manner in which the Kearsleys form the fingers of thcir implements. The 
fingers 1 ure made in the ordinary way, but in the bottom is formed a r cess 4, and on the top is 
placed a steel lining 2, secured to the finger-bar 3, by the bolt 6, the squared hcad 7 of which lies 
flush in the recess 5, the same bolt on the other side being securcd by the nut 8 in the recess 4. 
The front end of the steel lining is made with a tongue that fits into the reecss shown on the top of 
the finger-bar. The advantages cluimed by this arrangement are, that there are no projccting nuts 
to offer any resistance or obstruction, or around which the cut grass cau guther. 

Figs. 99 and 100 illustrate Samuclson’s two-horse mowing machine. The two most important 
features of this machine are, that the horses in drawing tend to lift the knife off tho ground, and 





so when the resistance is increased, as by the knife taking a mole-hill, this tendency operates to 
relieve the machine and reduce the draught, and the second feature is that when lifted, the point 
or outer end of the finger knife-box rises first, while in other machines it rises last. Fig. 100 shows 
the extension bar of the mower. A is a portion of the main framing of the machine, to which the 
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38 wood beam 

bar B’, is hinged. W isa rie inn jt ig ee 
shoe B, carrying ee ks shoo Bat a point in argos round & half-pulley 4, mounted 
when required. Join f which is attached a chain D, w Hnger-beam will be free to play y 
bar C, to the free end So long as the chain remains loose ~ ree e extension bar O will ine 
in the side frame A. ion is put on the chain the free end o 


into contact with a 

rm will then come in ae 

Hoy a on the shoe B, Upon ee pie 
eae har C will bear as upon a ’ 


; : : . : and at the 
will act as a rock-leyer, wet digae on 9 illustrates 


j ising, the finger- 
the. ante K, and the whalers heap pr 
xle B f which the main frame o he m 
eae : D represents the bevel gearing employed to 


hat 
i lon to the crank-wheel F, and through t. 

aed the eaneie rod G, to the cutting 2 apo of 
the machine, which ig placed at H. I is the pole or 
drawing bracket, which ig also pivoted to the main 
axle B. To it the polo J is secured. The pole-bracket 
is made of such fori that the draught chain K can be 
attached to it, and adjusted at i, below the centre of 
the axle. The chain passes from the tail of the bracket 
I under a pulley L, mounted on the main frame telow 
tho main axle, and over or through a guide M, carried by 

T 












through the chain K, to the forward end on which the whipple-trees are attached. By varying the 

vertical distance of the point of attachment i of the chain, or the position of the pulley L with respect 

to the main axle, or by adjusting buth of these with respect to the main axle, the tendency to lift 

the beam or pole, or both of them, may be yaried a8 desired, and all Weight and preasure taken off 
© horses’ necks, 

In the mower of Otis Brothers and Co., of New York, tho motion ig transmitted from the 
travelling wheels to the knife by a, single pair of bevel Wheels, and much friction ig thereby saved, 
Figs. 100* to 109 illustrate thig searing, 

The driving wheel A is keyed to the main axle B, and revolves with it, The oscillating 
intornal bevel whee] C, is pivoted by a gimbal] Joint to the sheaf or franie D, in such a manner that 
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it can swing round the point F, 
Which ig tie &pex of the gear. 
Cone of the two bevel Wheels A 
and OC. Two steel ping, EE, 
form the joint between the gim- 

TINS g and the wheel C, and 
two other steo] ping, at right 
angles with tho bins E E, form 
the joint between the frame and 


hes 
he te . ey lever, to which 
1@ link whic operates the knife-head ig attached at } Whilst the other end of }} furnishes a 
haath oF eae orank e an Buide-crank ig shifted fo one side of the main shaft, and the 
centre- alt, as well ug 6 li pi -li 
jtlnt pina, wane fromthe oe © centre line of tho crank-pin, and the centre-line of the four 
en the Sear-wheel A revolves with the main axle, it causes the bevel wheel C to swing on the 
nal oint, whilst the Bride-crank Tis turned in the Opposite direction to the main 
= ne Fi lenever the Buile-ciank I has mado one revolution, C has been In contact with all tho 
' 7 ‘and ag C has 4g tieth and A only 46, it has Passed over two more teeth than A; and 
kd bi e bo ttions of the Suide-crank haye Sone on twenty-three times, the same tecth of both 
he els kr * n contact again. Thus, for Svery revolution the gear-wheel A, there arg twenty. 
poreeAa a fa id the Buide-crank ; and during this one revolution 1048 teeth haye been in 
* Dub although the Stide-crank Wakes g rotary motion, the oscillating wheel makes g 
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vibrating motion on the gimball-joint pin, and the arm H, which is in reality a ae of the wheel C 
makes at the point h a reci ting motion from h to h*, which corresponds with the angle formed 
by the crank-pin when in the position shown in Fig. 100*, and the position of the crank-pin, when 
the guide-crank has made half « revolution. We have thus a double lever, which is pivoted to the 
frame at F, to which the knife is attached at A, while the gear-wheel C is the other end of the 
lever. When the teeth of the two gear-wheels A and O are in ccntact, the point A is ata standstill, 
and the knife is at one extremity of its stroke. But the forward motion of A will bring all the 
teeth of C successively in contact ; and when the guide-crank has nade one-quarter ef a revolution, 
the point 4 has reached the position 4*; and when half a revolution has been made by the crank, 
and the centre of the crank-pin is in the position shown by the line at 4‘, the arm has reached the 
point 47, and the knife-bar has made a stroke in one direction. The next half of the revolution 
will bide, gc teeth of O in contact with those of A on the opposite side; and this causes the arm 
to move back to its original position, and the cutter-bar has completed one motion. The rotary 
motion of the gear-wheel A, is thus converted into a reciprocating motion in the most direct 
manner, and without any further loss by friction than what is due to the vibratiun of the whcel O 
on the gimball joint. The guide-crank performs the function of a balance wheel also, and the 
motion of the pu A is identical with the motion produced by an ordinary crank and pitman. To 
produce one vibration of the cutter-bar, the forty-eight tecth of the oscillating gear come in contact 
with the teeth of the driving-gear wheel, and of these teeth at least six are in contact all the 
time. Thus the wear is evenly distributed. 

In Fig. 108 the teeth are shown: x x represents the pitch-line of the driving wheel A, whilst yy 
represents the pitch-line of the wheel C. It will bo evident that the rotary motion of the driving 
wheel is converted into a reciprocating motion, and 
transmitted to the cuttor-bur by one gear-whcel, 
without the use of two, and sometimes three, inter- . 
mediate shafts, Forty-eight teeth are succes- ¢ 
sively in contact to produce one vibration of the <=, 
cutter-bar, whilst in the ordinary gear only ,}, of 103. 
the number of teeth of the driving gear can be uscd 
for each vibration. Using the whole periphery of the diiving wheel for each vibration, and having 
60 lurge a number of tevth in contact at onee, allows of the gear being reduced to one-third the 
ordinary size, with three times the working surface. The cutter-bar of Otis Biotheis’ mowing 
machine is attached to the arm of a lever pivoted to the fiamo, 24 in. long, whilst the driving 
wheel A operates upon an arm of the same lever, which ix 34 iu. long. ‘This secures a very 
powerful and direct motion. ; 

The Eureka machine, made by the Towanda Mower Company of Pennsylvania, Vig. 104, is a com- 
plete departure from ordinary principles, the great feature bcing direct draught. Tho kuife, which 
may be &ft.long, works in front of the wheels, being driven by spur gearing and a long pitman at nght 
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angles with a knife and bell crank from the left-hand driving wheel. It is attached to the fiame 
by jointed arms, so contrived that the angles of the fingers can be altered according to the nature 
of the crop. The pole is directly in the centre between the driving wheels, which are of large 
diameter, 42 in. The driver's seat is immediately behind the pole, with a spacious foot-board. 
The horses are yoked so wide apart, by means of a long neck-yoke, that whilst the near horse 
travels close to the standing grass on the space cleared by the track-board, the off horse walhs in 
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he standing grass outside the knife. This is a point of importance; for if the knife followed the 
: Pedder’ dows by the horses’ feet, the cutting would be irregular, but as it meets the down- 
trodden grass on the return journey there isnot any perceptible difference, and the Eureka machines 
work regularly, although the cutting is a quarter of an inch higher than the ordinary machines. 
One advantage of direct draught is that the maghine can return along a parallel line, and therefore 
meets the down-trudden grass, and the operator can deal with a laid crop in the direction which 
secures the best result. For in-tance, it often happens that a heavy crop becomes laid in one 
rticular direction ; ordinary machines, cutting all round the field, must either go empty in one 
irection, or else follow the laid crop on one side, and inevitably make rough work. In such cases, 
by no means unfrequent, the Eureka is poculiarly suitable, because the whole crop can be cut at 
right angles to the direction in which it is ear Another minor advantage is that it clears the 
round straight before it, facilitating later operations. sate 
‘ Figs. 108 and 106 illustrate Jeffery’s haymaker. This machine has a hood, which is fitted 
to cover & little moie than one-fourth of the circle described by the tines of the forks, as they revolve 
when shaking the hay. As this hood is made of thin wood, zinc, or galvanized iron, the circula- 
tion of air which is produced by the rapidly merenyne forks of the machine, is converted into @ hori- 
zontal stream, whereby the hay is more effectually delivered. The galvanized wire netting hoods 
which have been placed at the back of the shafts did not have this effect. Also the delivery of the 
bulk of the hay was in a perpendicular direction, the result being that much of it fell on the shafts 
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or horses’ backs. ‘This was a serious inconvenience and increased labour when the wind lay in the 
direction the machine was travelling. Fig. 106 illustrates the aniangement of tho shaft-iron, and 
shaft for raising or lowering the tines D of the forks X as carried behind to work. The main 
axle B, Fig. 105, is supported at both ends by the frame carricd on the axles of the travelling 
wheels, The ends of this carrying frame are called drum-heads. To these are fixed side-irons for 
attaching the shafts. Around the main axle a banel revolves. This barrel carries the fork-arms, 
and it is by the way in which this drum is put in motion or stopped, that the efficiency of the 
bhaking powers of the machine is acquired. In the first place a cog-whcel is fixed on the hub or 
nave C of the travelling wheel. As this revolves, it is made to work a pair of pinions cast together. 
These have a sliding motion on a fast-key or feather The revolving drum is put in motion by the 
cog-wheel and pinion as the machine advances, and when it is requircd to put the machino out of 
gear, the sliding pinion is withdrawn and becomes idle. But asa backward as well as a forwaid 
motion is 1¢quired in tl ese machines, another double pinion is employed. This works on a bottom 
bolt. One of the cog-whcels of this pinion is always in gear with the driving cogs on the travelling 
wheel. Thus, when the double sliding pinion is withdrawn from the driving cog-wheel, and the 
large cog-wheel of the sliding pinion is geared with the other cog-wheel of the double pinion, the 
action of the foiks is reversed. These pinions are shifted as required by a lever, for the reception of 
which at the same time a change is being made, there are three notches. According as the lever 
is in one notch, the machine is set for the forward or tedding motion ; in the next it is out of gear 
altogether; and in the third notch it is set for the backward motion. This ever is jointed, and when 
it is left to itself it fulls and the gearing remains locked till, shifting, it is again required. This 
self-locking is a peifect safeguard against injury by negligence or want of skill on the part of the 
driver. The use of spiral springs, one open and the other closed, for locking the forks, either 
when open for work or when closed for travelling or resting, is an arrangement by which the spring 
is always at rest, except at the moment the position is being altered, and the spring loscs none of its 
power or elasticity. 

Figs. 107, 108, represent Wood’s reaping and binding machine. To adapt the reaping machine 
tv the binder, the rakes for throwing the corn off in loose sheaves are dispensed with, and the 
platform is made smallr and lighter, In the place of the large projection in the rear of the 
machino for the rakes to sweep over, a stage is placed behind the knives of sufficient depth for the 
corn to fall flat upon. Ovor this stage rans an endleas webbing, that carries the corn to the side. 
It is then carric 1 up an inelinod plane, which rests on a frame over the driving wheel and gearing. 
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The binder is fastened on the outer side of the machine to the frame, which is carried over the 
driving wheel, the plane up which the webbing runs, and the side of the trough of the binder 
down which the corn falls, forming a figure something like the letter A with a slightly rounded 
top and elongated feet. a, Figs. 107 and 108 represents the left-hand sweep of this arrangement, 
the top beiug joined to the incline carrying the webbing on the machine. The gathering arms are 
shown in two positions, as coming down to gather a sheaf, and as rising to ride over again after the 
sheaf has been tied and delivered. The working parts of this apparatus are carried on an iron 
pedestal B and a forked arm, the pedestal being made fast to the bottom of the frame, the position 
of the arms being aleo shown at the section 6b. These parts are driven by a shaft carrying wheels 
which -run from the bottom of the frame as shown by c. The material used for binding the 
sheaves is annealed wire, and the reel for carrying which is shown at D, and the wire itself at d, 
the course of the latter being easily traced from the reel to the beak of the gathering arm. To get 
this wire round the sheaf and twisted subsequently, so as to hold it fast, is the work which this binder 
has to accom lish. The small reel d is a tension take-up reel, which is necessary, as the wire is 
longer when the gathering arm is going over, than it is when passing under the sheaf. A greater 
length of wire is then out than required to bind a sheaf. By this take-up reel, which contains a 
spring drawing 10 lbs. or 12 lbs., the wire is always kept in a requisite state of tension, which pre- 
vents the possibility of the wire kinking, or being in the’way of the corn. The gathering arm 
travels at a uniform rate in the revolutions it makes. As it comes down to the trough, it enters as 
far as the elbow what may be termed a ve, which is formed by the trough being divided in tho 
centre. Thus the beak, which has divided the falling corn the upper side of the trough, is carried 
completely under the forming sheaf, the pressure for tightening it being given by the small arm C 
carried within the larger gathering arm. But as this would give pressure on only one side, another 
arm F is brought into play. At the base of these arms there are half-circles cogged ; by this means 
as the larger gathering arm enters the groove to gather a sheaf, the cope at its base act on the ose of 
the smaller arm, with the result that the arms meet each other at the bottom of the trough, and the 
sheaf is gripped at the time when the wire is being twisted and cut off. This done, the second arm 
retires until the gathering arm again enters the groove to gather another sheaf. The arm C, which 
is employed to assist in gripping the sheaf while it is being bound, is also utilized for pushing the 
sheaf beyond the point of the gathering arm, while it is in a horizontal position at the bottom of 
the trough. Sosoon as the sheaf is tied, this arm C begins to travel faster than the gathering arm, 
by which means the sheaf is pushed beyond the point of the beak of the gathering arm, when it 
falls to the ground. This third arm then rides over with the gathering orm till it reaches the 
sheaf. The arrangement of cogs admits of this arm riding over at the samo speed as the larger 
gathering arm, then to cause it to start forward to produce a grip on the sheaf, and tlien to advanco 
again to clear the gathcring arm of the sheaf before it begins to rise. ¢ is an iron rod to kecp the 
grain from blowing in the trough. As it is fixed at one end only, it plays like a spring to let a 
bunch of corn, should a bunch occur, pass down in suitable form. ‘The spring f is strong and yet 
flexible, so as to hold the sheaf while it is gathering and allow it to pass easily over them when it 
has been tied. Fig. 109 is an enlarged section of the beak of the gathering arm, in which the end 


111. 





of the wire is held. Tho difficulty presenting itself at first sight is the way in which the wire is 
held and carried on after it is cut. a, Fig. 110, is a small wheel lying horizontally, and c, 
Fig. 109, is a quadrant in the position of the groove. This the beak passes as it is carried 
through the groove, and the small wheel of the beak is turned several times. The wire is thus 
twisted. When this has been done, and the beak is just clearing the cogs of the quadrant, a 
small steel plate, Fig. 111, is brought into play. This acts as a combined cutter and gripper. 
As the beak is leaving the groove after the wire has been twisted at the bottom of the sheaf, 
the small knob or lug at the bottom of Fig. 111 is caught by a jog in the groove, and the wire 
is simultuneously cut and gripped, the grip being made between the cutter and the strip of steel c 
in the latter figure, as shown by a dotted line. The wire is held in the position just described 
after a sheaf hag been tied, and the arm is starting to go over to gather anvther; as the arm goes 
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over, the beak doubles the wire into itself, to so express it, for allowing which there is a slot just 
large enough to admit the wire at the base of the beak, and on one side of it. As the wire passes 
down this slot, it enters the cogs of the small wheel «, where it rests till the cogs of the quadraut 
are reached. At the moment this occurs, the lug at the top of Fig. 111 is caught by a jog, and 
the end of the wire is liberated for twisting as the small wheel turns in tlhe groove. In this way is 
the double wire, the end liberated, and the part to be cut off, twisted tightly together as described. 
The process of gripping and cutting then follows. Tho cost of the wire is ls. per acre, so that if 
the cost of labour for tying be 4s. to 5s. per acre, the amount of saving is clear. 

Osborne’s binder and harvester was invented in 1863, and it is stated to have been successfully 
used as early as 1866. Its operation is simple. The gram is recled to the cutters with the 
ordinary reel. It is cut and dropped on xn endless canvas apron, which clevates it over the 
wheel to the binding-table. The binder-arm with the needle, having the wire passed through it, 

es the wire around the sheaf and carries it down to the twister, which is below the binding- 
table. There the two ends of the wire are taken in the twister, which performs its work as the 
sheaf is moved away from the next sheaf; thus while the sheaf is being removed from the table 
the wire is twisted and cut off, and the sheaf, securely bound, drops gently to the ground The 
end of the wire is returned in tho twister, and the operation is repeated at the will of the driver. 

In the construction of the Osborne Harvester, Figs. 112 and 113, a framework BC D is provided 
for supporting the operative parts of the machme. This framework is supported on a main 
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driving wheel A, on which the greater part of the fr.mework is carried, the other end of the 
framework being supported by a wheel at the end, which 1s adjustable. The main wheel A is also 
adjustable by its axle being supported in slotted brackets, the radial centre of which is the pinion- 
shaft, with which the main gear-wheel / meshes. At the front edge of the framework and at one 
side of the driving wheel is the cutting apparatus, which consists of the ordinary slotted fingers 
and scalloped cutters, to which a reciprocating motion is given by a sway-bar, connected to the 
centre of the cutter-bar, and projecting rearward across the frame, to which it is pivoted near its 
centre, its rear projecting and being attached, by a connecting rod y 7, to a crank I, which derives 
iis motion from the driving wheel by a train of gearing connected with it, Fig. 112. A reel for 
gathering the crop is supported in front over the cutters, on the projecting arms of a rock-shaft X, 
which has a lever Z an holding devices, by which the driver can elevate or depress tle reel at 
pleasure, and fasten and hold it in its adjusted position. This wheel is driven by a sprocket-wheel 
eon its shaft, connected by a chain x to a double sprocket-wheel : in a frame which is linked to 
reel-bearer g coincident with the centre of the reel-axis, and is also linked to the axis of the main 
wheel axle, so that the chain connecting a sprocket-wheel & on the hub of the main wheel with 
double sprocket-wheel, will impart motion to it, and through it to the chain connected with the 
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ket-wheel on the reel-shaft, the axis of the links being the centre of the double sprocket- 
wheel; the relation of the chains and sprocket-wheels will not be Sarai in raising and lowering 
the reel. To carry the severed op to its receiving platform A’ outside of the main wheel whilst 
the cutting apparatus is on the inside, an endless apron is provided, sontewhat exceeding the length 
of the cutting apparatus behind which it is arranged, and supported on rollers at each end, the 
rollers being placed at right angles to the cutting apparatus, and supported in suitable bearings. 
The upper surface of the apron being slightly above the plane of the cutters, motion is imparted to 
it by a band attached to a pulley I on its shaft, the motion of the upper surface of the apron bemg 
from tho outer end of the cutting apparatus towards the driving wheel. To elevate and carry the 
crop over the driving wheel A, two endless aprons K K are provided and arranged on the frame 
parallel to each other and inclining outwards over the driving wheel, sufficient space being left for 
the passage of the crop upwards between them. These aprons are supported on rollers, which 
have suitable bearings in an inclined framework G. The lower ends of these aprons are so placed 
as to receive the crop from the first apron named, and long enough to carry the crop over the 
driving wheel and deliver the same on the plattorm outside of the wheel, the platiorm being 
supported in nearly a horizontal position; a break-board attached to the framework under the 
elevator end of the apron serving to protect the wheel and prevent the accumulating sheaf from 
being drawn down by the lower apron. These elevating aprons have laths fastened across their 
surfaces the better to enable them to hold and carry up the grain. The continuous surfaces of the 
aprons have a motion upwards, which is imparted to them by the shafts M N of the upper roller 
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being geared together; and one of the shafts M, having a band-wheel L around which a belt is 
passed, algo around a band-wheel on the shaft H of one of the rollers of the apron behind the 
cutting apparatus, and also around a pulley on the crank-shaft I, gets its motion from a train of 
gearing connecting it with the main driving wheel. This train of gearing is the same that vibrates 
the cutters, and consists of the crank-shaft and its pinion, Fig. 118,a bevel wheel gearing with it, on 
the shaft of which is a pinion which gears with a gear-wheel / connected with the main wheel ; 
this pinion d has a olubebcfese d’” and interlocks a pin put through the end of the bevel-wheel shaft 
a”, ig. 112, and can by sliding the same on the shaft be made to lock with, or be disconnected 
from the same for stopping or starting the connecting gear or devices. For facility of doing this a 
shifting lever § is arranged in reach of the driver, and connected by intermediate devices to a fork 
e’ which embraces a groove in the hub of the pinion. 
To bind the crop into bundles a framework having ways is provided, and is supported in guide- 
ieces D’ attached to the harvester frame B outside of the driving wheel. At one end of this 
rame, ri jas in bearings nearly in a vertical position, is ashaft H’, to which is attached an arm 
W’', which extends from it at right angles, and carries at its outer end a gripping, cutting, holding, 
and twisting mechanism for the wire of which the band is made. A double hook with bevelled 
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edges is fastened to a shaft a short distance from ite end, and on the end of the same shaft is 
fastened a similar double hook. The shaft is inserted in a metal frame or blook; this block hae 
fastened to its upper face a plate with its edges bevelled the reverse of the firat hook, and close to 
which the first hook revolves, and with it makes a double shearing hook for cutting off the wire. 
A finger is pivoted to the block in the frame by one of its ends, its other end being bevelled off and 
of proper width to enter between the two hooks, and rests on the shaft aguinst which it is preased 
by a spring, so that in the reverse movement of the twister-shaft it will act as a clearer to remove 
any fibres or straws that may accumulate around it in twisting the wires. A pinion is fastened ta 
the projecting end of the shaft on the opposite side of the frame or block from the twister. To the 
side of this block is fastened a piece of steel so as to form an open mortice. This block or frame is 
bolted to bracket on the end of the arm W’, with the shaft nearly vertical and the top of the upper 
hook far enough below the top of end of arm, which is in form of an open box, to give space for 
length of wire enough to form a twist. Above the-twister is fastened a double plate with sufficient 
space between the plates for a gripping finger to move. These plates have a vertical V-shaped 
opening; a finger is pivoted to the plate and twister-fiame, so that the projecting end of the finger 
will swing in between the plates and across the V-shaped opening, so as to clamp or grip the wire. 
This finger is operated by a connecting rod pivoted to it, and ils other end toa short arm on the 
under side of the arm W’ that carries the twisting devices, In the open mortice at side of the 
twister-block is inserted a flat slot-bolt, so as to play free. The upper edge of the bolt, a short 
distance from its end, has a hook-shaped notch cut in it, and this, together with the mortice in 
which it is inserted, serves to grip and hold the end of the wire while the needle Z’ is conveying 
the wire round the bundle. The other end of this flat bolt is rounded, and has @ spring for forcin 
it into the mortice and holding it there. To release it at the proper time the round end is connect 
to » short lever which has a friction-roller on it and is worked by a cam. A sector-rack X’ is 

ivoted to the under side of the twister-arm W’ so as to gear with the twister-pinion, and has a 

riction-roller pivoted to its under side, and projects into n cam-shaped groove in « frame which is 
fastened to the binder-frame, and below the twister-arm, and purallel to the plane in which it 
oscillates. This gioove is of such form that in the oscillations of the twister-arm it will give a 
swinging movement to the sector-rack X’ sufficient for cach hook to seize at the propcr time its 
separate wire and separately sever and then twist them together for fastening them after surround- 
ing the bundle. Tv an ear on this cam-frame is twisted a cam-picce, against which the roller on 
the lever that works the flat, holding both, stiikes to open it and release tlie end of the wire, and 
sever the wire brought down by the needle-arm. Another pivoted cam is so arranged that the 
roller on the aim that works the connecting rod of the gripping finger will strike it to seize the two 
wires as they surround the bundle, grip and hold thei firmly so that they may be severed and 
twisted together: they open and release the twisted ends of the wire for the discharge of the 
bundle, and bold it open until the time comes for again closing. To the top of the shaft from 
which the twister-arm W’ projects, is hinged an arm J’ carrying a pointed needle Z’' and a sliding 
shive to its side m’ connected with a spring e¢’, and to this sliding shive / are fastened the onds of a 
cord or band n’ long enough to puss round a grooved shive at the bottom ’, and of the wite-spool 7’ 
which is placed on a spindle f’ inserted in the hing+d end of the necdle-aim I’. A connecting rod 
K is pivoted to this needle-arm and is extended downward, and attaches to a lever which is hinged 
to the lower end of the same shaft to which the needle-arm hinges. ‘The other end of this lever is 
pivoted radially to a hub on a gear-wheel M’ which is overhung and hus a shait, the axial centre 
of which corresponds with the hinged point of the other end of the lever L’. The rotation of this 
wheel by means of the lever L’ hinged to the shaft of the twister-arm W' gives to it an oscillating 
motion to and fro on thut shaft, and at the same time the needle-arm J’ receives an up and down 
movement by means of the connecting rod K’ which unites the two. This connecting rod extends 
above its point of connection with the needle-arm and has on its cnd a shive. Motion is im- 
parted to the wheel M’ to which the lever 1,’ is pivoted, by a feathered pinion on a grooved shaft N’, 
arranged parallel to the shaft of the gear- wheel, and driven by a sprocket-wheel and chain O' con- 
necting it with another sprocket-wheel on tlie crank-shaft inside of the crank-head I. On the shaft 
N’ to which the first sprocket-wheel ix connected, is also a clutch P’ having teeth, which will lock 
with teeth on the sprocket-whc el, and this clutch is connected by levers and links to a treadle Q’, 
near the driver’s scat T, so that he can disconnect the clutch from the sprocket-wheel at pleasure 
for stopping the binder, and by releasing his foot from the treadle, a spring R’ on the shaft forces 
the clutch towards and locks it with the sprocket-wheel, and its shaft revolves with it operating 
the binding mechanivm. In threading the wie to the needle, it is passed first from the spool 7’ 
around the sliding shive /’, then around the shive g on the top of the connecting rod K’ of the 
needle-arm, and then to the shive at the bend c’ of needle-arm, and down the needle, and between 
the shives near its point, and then to the hulding jaw y’ below the twister. 

With the wire arranged as stated, and the needle-arm J’ standing at the highest, and moving 
outwards from the delivery end of the clevator aprons K K, the barvesting and elevating mechanism 
previously put in motion, and sufficient material having been cut and elevated for a bundle, the 
driver rulcases his foot from the treadle Q’, and the binder is set in motion, The rotations of the 
wheel M’, to which the end of the lever L’ is pivoted, carries around with it the pivoted end of the 
lever; its hinged end being connected to the shaft H’ which suppoits the twistcr-arm W’, and its 
devices and the end of the wire that is in its holding jaw. The upper end of the wire, which ig 
connected to the needle Z' of the necdle-arm J’, which is hinged to the came shaft, is also carried 
forward, pressing the wire aguinst the accumulated sheaf. As the needle Z’ and twister-arm W’ 
advance tuwards the breast-board X X, below the delivery end of the elevating apron K K, the 
needle-arm J’ begins to descend, the pot of the needle passing duwn back of the sheaf, and 
between the fulling straws, separating them and surrounding the sheaf with the wire, the twisters 
hook rotating partially, so as to seize the strand of wire in the holding jaw; and after the other 
strand of the wire has been carried down below the twister, the gripping finger comes into action, 
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and closes upon both wires between the twister and the bundle. The second hook of the twister is 
rotated so as to sever the second wire, and the first wire is released from the holding jaw, and it 
secures aud holds the second wire, the firat wire being severed by one of the cutting hooks, followed 
by the severing of the other wire by the other cutting hook, the ends of the wires being in the 
separate hooke as the arm moves outward, the rotating of the hooks, by the action of the sector-rack X, 
twists the ends of the wire together above the hook. When the twist is completed, the ofemping 
finger is released, and as the arn starts on its return again, the finger is thrown entirely open an 
the bundle is free. This operation will now continue to be repeated once in 10 or 15 ft., according 
to the speed at which the binder is geared. When from the thinness of the crop an insufficient 
quantity has accumulated, by means of the treadle Q the driver diaconnects the binder from the 
harvester devices, and starts it again when sufficient has accumulated, repeating the operation as 
frequently as the condition of the crop may require. He can also elevate and depress the reel at 
pleasure, as may be required by the condition of the crop, and can move the binder laterally by 
means of levers pp and shaft 00, so as to place the band at the proper point between the butt and 
head of the grain, and can also disconnect the operative parts of the whole machine from the 
driving wheel at pleasure. 

Horse Rakes and Hoes.—In ordinary expanding horse hoes the stems to which the shares are 
connected are formed of 8 circular section, and passed through circular holes in the arms, eye-bolts 
and nuts being employed to keep them in their places. The consequence of this arrangement is 
that when the hoe is at first expanded or contracted, the points of the shares do not stand parallel 
to each other, and it is necessary for the attendant to alter the position of the shares by slackening 
the nuts on the eye-bolts and turning the stems, and as there is no guide by which these can be eet, 
they are sometimes placed in a position in which the shares are not left parallel to each other, when 
they are liable to turn, sometimes the case even when the stems or stalks and shares are set parallel 
to each other. 

With F. ©. Lake’s horse hoes, Figs. 114 to 116, these disadvantages are avoided. In this 
implement the hoe-stems gq are caused to revolve in the sockets of the arms ff by means of 
the four segments or links dd, ¢ e, which are so constructed that to whatever distance within the 
capacity of the hoe the arms are extended, the shares 6, cc, will point in a direction parallel to 
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that in which the hoe is moving. The sides of the implement are caused to expand by means of two 
segments dd at the back part of the hoe, worked by the pinion 4, which is so placed as to act with 
the segments in keeping the shares pointed to the front, and at the same time to extend or 
contract the arms according to the direction in which the pinion is turned. 

The ends of the stems above the arms, Fig. 116, are square in section, and upon them the 
segments dd, ¢e, are fitted and held in position by nuts which are slackened when expanding 
or contracting the hoe, thus enabling the stems to be brought parallel when turned by the segments. 
This imparts rigidity and steadiness of action to the implement. 

Haughton and Thompson, of Carlisle, introduced in 1877 some improvements in horse rakes 
relating to the regulating of the height of the tincs from the ground, and to means of fixing the tines 
in their sockets. The tine-heads are pivoted on a rod as usual, carried in two or more brackets or 
castings, each connected by a pair of parallel radius links with other brackets or castings fixed on 
the whieel-axle, the whole forming a parallel motion; and the improvements consist in the com- 
bination with cach parallel motion of a diagonal regulating screw connecting the two brackets and 
acting on them so as to diaw up or Jet down the tines in a vertical line when turned in the one or 
other direction ; and in fixing the tines in their sockets by means of serrated notches at one side of 
the tines, taking into corresponding notches in one side of the socket, and secured by a wedge- 
shaped key driven in at the oppentte side. Figs. 117 and 118 are vertical sections, and Fig. 119 
a rear elevation, Figs. 120 to 122 vertical and horizontal sections, and an end view of the tine-head 
or socket. A is the wheel-axle; B are the tines; and © the tine-heada, pivoted on a rod D, 
supported on a frame E and two brackets Y, connected each by a pair of radius links G, with 
brackets H on the axle A. The brackets Y and H, and the connecting links G, form parallcl 
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motions for raising or lowering the points of the tines B in a perpendicular line. I is a regulating 
screw diagonal to the parallelogram formed by brackets Y, H, and links G. This screw turns in a 
bearing in an upward extension of the bracket H, with collars or shoulders to retain it in position, 
and its other end screws into a corresponding nut or female screw in the bracket Y; this screw is 
turned by a removable lever-handle or key K; L is the clearing frame supported on the axle A at 
ita ends, which are slotted to allow of sliding on the axle and attached to the shafts by bars L, 
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having each a downward extension by which it is connected by # pin-joint / with the adjacent 
brackets H ; M is a crank-arm fixed on the axle A, and connected bya link N with a socket O, 
in which one of the two hand-levers P P!, is fixed, according as the attendant walks behind or 
rides upon the machine; P? is a treadle to attach when working the tines from the seat. The 
link N and socket O are also connected by another link Q with the fixed part of the frame attached 
to the shafts. The attachment of the tines B to their heads C is shown in Fig. 120; the tine is 
serrated at one side 4, and the corresponding inside surface c of the socket is similarly serrated, and 
the two are locked securely together by s wedge R at the opposite side driven in hetween the tine 
and socket. 

Figs. 123 and 124 represent Rollins’ American rake, This rake is self-acting, and both sides are 
alike. Of one side, A is the cogged boss, B the ratchet wheel, C the rod which runa through the 
centre ratchet wheel, D is the main axle. The point projecting from under the axle at } is a paw! 
which is held on its pivot and, when resting, in its present pac by a small spiral spring. & 
lever to this paw! is carried, it will be observed, in front of the main axle, to the top of which 
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: : hen the teeth are 
attached a light chain 4, the other end being fixed to the left. hand shaft. Ww 

down and raking, the chain, lever, and pawl are in the position in which they peel cane 
they are left in this position, and the rake is travelling, the two ratchet W es 8 a 7 ; 
the driving wheel. But when the driver finds the rake sequins to be pes F ) ot ela 
the chain d, which draws the lever forward, snd raives the paw ratchet oe ei (aa 5 
so looked, the ratchet wheel is at the same moment preveuted from revolving. e result 18, 
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is cog-locked to the driving wheel, it is carried round, and with it the cross-bar, and the tecth are 
carried up by the cross-bar with the ratchet wheels. It is at this point that the main action in 
the principle of this machine is displayed. When the centre ratchet wheel is locked, and the end 
ratchet wheels are travelling up the driving wheels, the whole block between ¢ and c turns bodil 
in carrying up the teeth of the rake. Thus, the lever c is brought down upon the head of the bolt 
f, a3 shown on the section of the cross-bar of the frame, and, as the lever strikes that bolt-head, it 
acts as @ trigger, the ratchet wheel is liberated, and the teeth of the :ake fall to their work by 
their own weight. If the rakings were exactly the same all over  ficld, or if it were no conse- 
quence to have them in @ row for the convenience of gathering, this machine might be made 
perfectly self-acting. 

Fies. 125 and 126 are of a device due to Alexandre Gandrille, for spreading manure. Ina cart 
an endless cloth bottom is arranged, working round supporting rollers together with a roller-brush 
working across and on the cloth bottom, the rollers supporting the bottom, the roller-brush being 

eared in connexion with the wheels of the cart, and as it is moved a uniform distribution of the 
contents takes place, owing to the movement of the endl: ss cloth bottom which brings the material 
éo the brush, and it is thus brushed out from the end of the cart. 

The cart is made in the ordinary way but without any bottom, the bottom being formed of loose 
rollers, over and on which the cloth revelving bottom, intended to carry the manure, works; the 
brush is of hard fibre; the gearing of ordinary ra eas worked by the axle of tlie cart. 

Referring to Fig. 125, A is the motion-wheel of the cart. to which are attached wheels CD; B 
is the opposite wheel of the cart ; C, a cogged wheel actuating E below; D, cogged wheel drivin 
EF: BE, eogged wheel communicating movement to the small axle G, on which is mounted wheel i 

placed below the axle of B; F, wheel communicating movement to the brush Q; G, axle of the 
wheels H and E; H, cogged wheel actuating I; I, wheel communicating motion to the roller 
K; XK, roller, giving movement to the endless cloth L; L, endless cloth to carry off material placed 
inthe box O; M, intermediate rollers supporting the endless cloth bottom L; N, fourth roller driven 
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by the first roller K ; O, box or receptacle for holding the manure or other material; P, ledges of 
the box O; Q, revolving brush; R is a box for the use of the driver; 8, duated scale for regu- 
lating the supply of material ; T, shafts of the cart; U, frame of the cart; a, the axle, 

It is evident that on the cart being set in motion, the wheels C D revolve simultaneously with 
the wheel A of the cart; C communicates motion to E, which is transmitted through G to A on the 
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opposite side of the cart, where it is communicated to I, causing the roller K to revolve, which then 
through tho motion of L carries on the movement to roller N, and similarly D moves F which causes 
the rotation of the brush Q, 

Figs. 127 and 128 have reference to an arrangement, by Duncan Ross for cutting off the tops or 
leaves and the tails or roots of turnips, close above and below the body of the turnips respectively, 
while in the drills where they grow. ; 

The novelty consists in having sharp-angled, preferably V or U shaped, blades or knives 
secured to the front end of an open horizontal frame, carried and oscillating at their back ends on 
arms, projecting down from a transverse bar secured to. the main frame or beam of the machine 
with the knives directly above each drill ata height to suit the turnips, the limbs of the knives 
being open to the front and fitted with guiding horns, so that the shaws or tops of the turnips will 
be guided into and caught in the cleft of the knife, and so cut off during the forward traverse of 
the machine over the turnips, and in a plane parallel to the drills and surface of the field or nearly 
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istincti i i i i i d revolvin 
in contradistinction to the manner of cutting turnips hitherto by reciprocating and re g 
enives acting and cutting laterally or transversely across the drills, or by simple angled knives. 
In Fig. 127, the contral beam D is carried forward, some distanco in front of the topping cutters 
A, a, under the usual raised bow part D” and shifting-pin drawing-shackle, where it has an 
eye D‘ and screw or wedge for fixing the upper shifting end of the foiked stem D? of the front 





eariying and guiding whecl D? to run in the central furiow betworn the two drills, indicated by 
the dott d lines z---z, and thus set the fiont end of the fiame D at the proper height to suit the 
drills of turnips and the cutters. The back cnd of the beam 1 is secured to the centre of a stre,,,. 
eross-bar or frame-picce K, having strong eyes at its outcr ends for carrying the ex iiatme shaft or 
axle F, which by arms secured iat each end and projecting downwards with dotcral sinds at their 
lower end, carries the two back wheels F4, which run in the centre of the two) furrows close outside 
of the drills z---z. This bnek end of the framo can be raised and lowered on its wheels F2 to suit 
the dmills and tailing cutters I 1’, by the oscillation of their carrying - F" and axlo F, by a 
hand-lever. This raising and lowering lever is placed in the centre of the’ \iding shafts. In this 
arrangamcnt of the topping cutters A, a, their oscillating frames B are mado lieht enouch to be 
raised by tho inclined and forward action of the gathering-in curved horng gliding over the top of 
the turnips in front of the cuttc rs, and adjusted and hung at a proper hide by short chains 6 ncar 
the front of the arms 3B, to give greater ease and flexibility in rising and, alling, linked by hooking 
or swivel-arms above, to a hand regulating screw and wheel, securc d in slots in the transverse 
carrving arins [3¢ screwed or otherwise fixed to the beam D over the rames 3, so that they can be 
quichly and ensily adjusted to suit the height and width of the drill of turnips to be ent. The 
eulters A themselves are portable for removal and sharpening, secre by screws to the front end of 
the bars B, The ordinary root-cutters [ are carried by strong.’giams T projecting up and secured 
in cyes in the shiftmg and fixmg blocks I” scoured by c-'¥%, to tho bar Kof the frame above. 
The front edge of each cutter I is set so as to project forw ! of the sides, and angled back at about 
45° towards each other at the middle furrow, so as to cut FE the roots or tails of the turnips by the 
forward motion of the machine, after the leaves have been cut off by the topping knives A in front. 
s0 a8 to deliver the turnips from the two drills into the onc} furrow 
An ordinary turnip topping and tailing machine, as ju t described. consists of a main frame with 
two side and rear carrying wheels, loose on or couple y clutches 5 their axlo, running in the 
two furrows outsido tho two raised drills of turnips to be cut: there are cutt reocka-attachied by 
sockets and adjustablo stems and holdfasts to the rear art of the frame for cutting off the tails or 
roota, and raising or throwing the turnips of both iiitis on to the surface of the central furrow 
ready for lifting, and a front bow or drawing beam wth its fore guiding wheel running in the centre 
furrow with controlling gear and hand-lever or cg . hanism for instant 1 
raising and lowering tho rear of the frame, with ee eee al oe at heels, i 
se ie surface of the ground. ape Cutiote Cn eae Cry be eee een 
igs. 129 to 131 relate to an arrangement « Tee i ick- 
on-Tweed, The open rootngular main frag, {TaiPtopper due to John Brighem, of Berwick 
in front at V’ to the cast-iron contral drawing’ beam 9, carrying the awivelling forked spindle 3 of 
he fore guiding ee 4, running in the cent} 4) furrow Z, an fitted with ihe hook 8’ is front for 
ee bs @ horse drawing tacklo, tho} Wain back part of the frame being carried by the 


journal ets of the main shaft 6 of the whee its extreme ends and running 
1u the two outer furrows, and coupled to th ahal 6 by ratchet, souplinies and & spring paw! 7’. 
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The machine is guided by the hand-levir 8 secured on tho top of the swivelling spindle 3 of the 
guide-wheel 4, and rests on tho setting and retaining notched bracket 8’, at oue corner of the 
vertical bow frame 1”, secured to and projecting up from the main framo 1, and which carries and 
guides the loose oscillating frame B, carrying the band-saw A and its driving and guide pulloys 


A’ A’, for cutting the tops off the turnips. 





The bar D 1s attached to the bottom of the vertical frame B, with two or more curved up-pointed 
finger-guaids D’ secured to the bar D below, and projecting forward af some inches apart above the 
two diills of turnips so as to glide over them and embrace the turnip-tops between the fingers D', 
having the band-saw A woikiug close above them. The frame Bw canicd by two adjusting 
links 6, one at cach side, passing up through the bow-carrying frame 1”, with the clastic spings 
above, so that the whole fiame ) and fingei-bar D rises and talls over and across the two drills < z, 
according to the i:regular size or height of the turnips as the fingers D’ glide over them. The 
frame 13 is guided and steadicd vertically by the curved wings B! at its upper cnds between the 
antifriction rollers B” secured to the inner face of the vertical frame. ‘Tho band-saw A is carricd 
round the two small pulleys A”, revolving on studs A?, secured to the lower ends of the frame B, 
leg beyond the fingers D! and above their carrying bar, so as to cut the tops as they enter these 

ngers, 

The saw being steadied in guides d sccured to the upper sitle of the bar D, inside the fingers D’, 
acct up from the outside of the two guidc-pulleys over the saw-pulley A’, which is secured on the 
ront overhanging end of the short spindle a, revolving ina tightening bush carried on a regulating 
spring with a pinching screw as shown in the back view, Fig. 131. The spindle « of the driving 
pulley A’ is turned by the angled shaft a, coupled to it above by the universal-joint coupling a, 
and below by a similar coupling a‘ to its pinion-shaft a® catried in the bracket a?, projecting up 
from the back end of the frame. 

The pinion c is driven by the spur-wheel c! gearing into it, and keyed on the ove rhanging end 

k 2 


52 ATR-COMPRESSORS. 


of the horizontal shaft c” carried in the bracket c’’, below the frame 1 and shafts a, a*,and driven by 
the bevel-pinion c* gearing into the wheel c® keyed on the driving shaft 6, so as to drive the band-saw 
ata high speed from this shaft when it is coupled to its running traction-wheels 7 by the couplings 7’. 
The roots of the turnips are cut by the cutters 9 formed on the lower forward end of the stems 9’, 
secured by pinching screws and gripping blocks 10 to the rear sides of the frame 1, near the back 
end, and projecting towards each other so as to cut off the roots after the tops have been cut off, 
and with the assistance of the guards or gatherers 11 screwed to the lower part of the stems, deliver 
the dresscd turnips into the centre furrow beliind the machine ready for lifting and carting away. 

Books upon Agricultural Implements ;—Mangon (J.), ‘ Traité de Génie Rurale,’ 1 vol., roya) 8vo 
and atlas folio, Paris, 1875. ‘The Journal of the Royal Agricultural Society of England,’ 2nd series, 
London, 1868-78. Papers in the ‘Engineer’ and ‘ Enginecring,’ 1862-78. ‘ Procecdings of Insti- 
tution of Mechanical Engineers,’ 1872, ‘ Landwirthschaftliche Blitte,’ Berlin, 1870-76. 

AIR-COMPRESSORS. 

Jertain disadvantages inherent in the nature of steam render it unsuitable for employment in 
some situations. When the pressure of steam is required to be applied at points remote from 
that at which it is feund convenient to gonerate or prepare it, a long linc of intermediate 
pipes is needed for its conveyance. In the course of transmission, under these conditions, from 
the point of generation to that of application, steam loses much of its heat, and becomes in no 
inconsiderable degree condi ised into water. A large proportion of the work stored up in the 
steam is in this way lost, and its use becomes in consequence uneconomical. In undorground 
workings, the heat of steam constitutes a very serious obstacle to its employment. Rock-boring is 
commonly performed by machine drills; and if steam were applied to tho driving of these drills, 
the temperature at the forebreast would, unless ase and expensive means were provided to 
maintain a strong ventilative current, be rendered intolerable. The same consequences would 
ensue if stenm were employed to actuate coal-cutters and hauling engines, or to propel mino loco- 
motives, although the same degree of vitiation would not be reached. These disadvantageous 
qualities of steam have caused attention to be directed to compressed air; and of late this has 
been largely adopted in those circumstances which we have pointed out, and also in some others 
where its peculiar properties recommend its employment. Consisting as its docs of permancnt gases, 
condensation cannot take place; and os it may be obtained at atmospheric temperature, it is not 
liable to lose heat in transmission. But its great merit for underground use lies in the bencficial 
influence it exerts on the atmosphere of close placcs. Instead of heating the air, as steam would 
do, it has a powerfully cooling cffect, in consequence of the expansion which it undergocs during 
its exhaustion from the machines. Moreover, as it consists of pure air, it contributes largely to 
the renewing of the atmosphere of the workings. Thus, compressed air is not only free from tho 
defects of steam, but, while possessing all the practically valuablo qualitics of tho latter, it offers, 
in addition, advantages of no small importance. These merits have led already to its adoption in 
numerous instances; and there is no doubt that its use will be very widely extended. 

It should be borne in mind, when comparing steam with compressed air, that the latter is only 
a means of transmitting power; it is not, like the former, a source of powcr. Strictly speaking, no 
doubt, the ultimate source of power in a steam engine is in the chemical reactions, known as com- 
bustion, which take place in the furnace; but the force is developed, in the form required for use, 
by the transformation of the water into steam. In compressing air, no such transformation is 
effected ; the force, derived from other sources, is merely stored up in it, in tho same way that 
force is storod up in a spring put into tension. The force is usually obtained, either from steam 
itself, or from a fall of water; and tho air is made usc of as a medium, through which it is trans- 
mitted to the points where it is to be utilized. 

Compressed air is air increased in density by the application of pressure. The density of the 
atmosphere is such as to give a pressure of about 15 Ibs. to the square inch, that is, if, for example, 
a, hollow cube be made air-tizht, and then placed in a vacuum, the contained air will exert a pressure 
of 15 bs. to the square inch on all the sides of the cube. If, instead of placing the cube in a 
vacuum, we force into it an additional quantity of uir equal to that which it alrcady contains, the 
same pressure of 15 Ibs. to the square inch will be exerted upon its sides ; because in the lattcr case 
we have doubled the density of the air contained within the cube. If now an opening be made 
into the cubo, the excess of air, that is all that was foreed into it, will escape inte the atmosphere, 
as # portion of the contained air in the first case would escape into the vacuum; and it is evident 
that in thus escaping, this yee of air may be made to do work. This is the principle upon 
which air is made to serve as a medium for-tranamitting power. The Pitas which it is required to 
utilize is employed to force air into a vessel prepared to receive it; this densified air is then con- 
veyed to the spot where the power is required, and the force absorbed in causing the increased 
density is reproduced by allowing the cxcess of air to escape into the atmosphcre. 

The compression of air is usually effected in a cylinder, by means of a piston moving within it. 
The cylinder is in communication, through a valve, with the receiver into which the air is to 
be forced. This valve is kept closed by the pressure of tho air in the receiver, and will not 
open to allow a fresh quantity to pass until the piston has advanced far enough to increase the 
density of that in the cylinder, to equal the density of that in the receiver. Thus the delivery 
valve of an air-comprescor is open during only a small ahaa of tho stroke of the piston. If the 
air in the receiver have a pressure of two atmospheres, the valve will open when the piston has made 
half its stroke; if the pressure be four atmospheres, the valve will open when the piston has 
swept through three-fourths of its course. The compression of the air in the cylinder is accom- 
panied with phenomena that have an important influence on the economy of transmitting power by 
this means. 

Let amnb, Fig. 182, be o cylinder, in which moves an air-tight piston P, and let the dimensions of 
the cylinder be such that when the piston is at the commencement, ma, of its stroke tho contained 
air, at atmospheric pressure, may weigh 1 Ib., also let this cylinder be in communication through a 
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valve V with a receiver R, in which there is air having o density equal to four times that of the 
atmosphere. Under these couditions there will be a pressure on the valve V of 60 Ibs. to the 
square inch. As the piston p moves forward, the air in the cylindor will be conipressed. When 
the piston arrives at the position m‘n’, the air which occupied the space amnb will be contained 
within the half of that space, namely, am! n’b, and as its density has thus boen doubled, it will 
exert a pressure of 30 Ibs, to the inch upon tho valve V. As the piston advanevs, the air is still 





further compressed, and its density will have again bcen doubled when the piston arrives at the 
povition an". With this density, which is equal to that of tho air in the receiver, the pressure 
on the valve is 60 Ibs., so that the pressures on the opposite sides of the valve are equal, aud the 
latter is consequently free to open. As the piston ad vines from ma” to ab the volume of air 
am’ n" b passes into the reeciver. Thus it will be observed that during three-fourths of the stroke, 
numely, from mn to mn, the force impelling the piston is expended in increasing the density of 
the air in the cylinder, and during one-fourth of the stroke, namely, from a’ 2" to ab, the force is 
exerted in driving the air through the valve V into the receiver R. 

The foregoing would be the action of a perfect machine; but in practice other conditions oceur 
to modify the results. During the compression of the air, the air does no work, and consequently 
the force expended is converted into heat. To propel the piston forward from mn to a’ x’, against 
the increasing pressure of the air, requires the expenditure of a certain quantity of work in the 
motor, As this work is done upon the air, it appears as heat, and the temperature of the air is 
consequently raised. The unit of heat being cqual to 772 foot-pounds, the quantity of heat 
generated may be casily computed by dividing by that number the work done in compressing. For 
example, suppose the area of the piston to be 144 square inchcs, and the mcan pressure for a stroke 
of £ feet, 22°5 Ibs. The wok done in this case will be 22°5 x 1 x 144 = 12960 foot-pounds, 
Dividing this number by 772, we have '77)° = 16°8 units of heat. As this heat is communicated 
to the air, we muy readily uscertain what the temperature of the latter will be, at the end of this 
length of stroke. To consider this question more fully, let the piston be in the position i! x', and 
the density of the air, consequently, twice that of the atmosphere, and Ict the temperature of this 
compressed air be that of the suriounding atmosphere. Suppose now a body X, having the same 
temperature and being capable of imparting an indefinite quantity of heat, to be put in communi- 
cation with the cylinder, Fig. 132, and the piston to bo forced back by the compressed air to its first 
position wa, As the piston recedes, the volume of the air increasos, and if no heat were communi- 
cated, the temperature would fall, for the air is now doing work upon the piston. But as the body 
X is in contact with the cylinder, which is here assumed to be a perfect conductor, the slightest 
depression of the temperature below 4, causes heat to pass from X into the air, and thus its teinpera- 
fure is maintained constantly at é During the retrocession of the piston, the air expands at 
constant temperature ; and the question to be determined is; What quantity of heat has been 
abstracted from the reservoir X? for this is the quantity expended by the expansion of the air. 
Tho expansion curve in such case being a common hyperbola, it can be shown that this quantity of 
heat = prlog.r=ct log. r, p,v,¢ and 7, being respectively the pressure, the volume, the difference 
between the specific heats of air at constant pressure and constant volume, and the ratio of expan- 
sion, the logarithm being hyperbolic, Thus, if H 1epresent the quantity of heat expended, we have ;— 


H = 53°15 ¢ log. r. 


Suppose now the body X to be removed, and another body X, of the same tempcrature and 
capable of recoiving an indefinite quantity of leat, to be placed in contact with the eylinder, and 
the piston to be again forced into the position mn’, As the piston advances, the voli of the 
air is diminished ; and if no heat were abstracted, the tempcrature would rive, for the piston is now 
doing work upon the air, But as the body X, is in contact with the cylinder, the slightest 
elevation of the temperature causes heat to pass from the air into X,, aud thus the temperature of 
the air is maintained constantly at ¢ During the advance of the piston, the air is compressed ut 
coustant temperature, and the quantity of heat transmitted into X, is (qual to that abstracted fiom 


X ; that is, it is equal to cé log.r. ‘Thus, if H, represent the quantity of heat expended during 
compression, we have ;— 


—= —— ~ 


The equality of H and If, is ucecssary, and it will be observed that the quantity of heat H 
emitted during compression, which quantity, as we have seen, is equal to H, the quantity absorbed 
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during expansion, is the exact equivalent of the work done upon the air in the cylinder by tho 
iston, ‘The action of an engine working in this way, is to pump heat from tho body X into the 
dy X,; and when this view of the action is taken, the equality of the quantities becomes obvious. 
in the fore ing cuse, the air is compressed and expanded at constant temperature, But if the 

. bodics X and X, are not applied, the temperature of tho air will art We havo now to consider 
the effect of this variation of temperature, Suppose again the piston, Fig. 132, to be in the position 
mn, and the tempcrature of the air within the cylinder to be 60° Fahr.; on ihe absolute seule, the 
zero of which is 461° below that of Fahrenhoit, this would read 461 + 60 = 521°. Let the piston be 
forced forward into the position mn". As there is now no body X, to receive the heat due to the 
conversion of the work of the piston upon the air, the temperature of tle Inttir will rise as the 
piston advanecs. The tomperature at the end, or at any given intermediate point, of the stroke 
may be readily ascertained, by the aid of a table of common logarithms, from tho following 


equation ;— 
Log. T, = log. T, + 0°408 log. I, 


in which T, is the oiginal temperature, T, the new temperature, R the ratio of expansion or 
compression, and 0°408 the ratio, minus J, of the specific heats of air at constant pressure and 
constant volume. In the caso under consideration, the original temperature Ty is 521° and the 
ratio of compression is 4. Solving the preceding equation, we have ;— 


Jog. 521 = 2°7168377 
+ 0°408 log. 4 = 02456404 = (0°6020600 x *408). 


log, T, = 2°9621781 


Tho number corresponding to this logarithm is 917, and this is the tempcraturo of the air on the 
absvlute scale. On Fahrenhcit’s scale, the reading will be 917 — 461 = 456°. 

The impoitant practical question now is; What influence will this heat have on the work of 
compression ? We have alrcady secn that when the piston is in the position a” 1", the pressure 
upon it, due to the quadrupled density of the air, is G0 Ibs. to the square inch. But when the 
volunie of the air is constant, the pressure will vary dircetly as the temperature. In the present 
case, the temperature hus been raised from 521° to 917°; that is, it hag been inereasced in the ratio 
of 227 = 1°76, The pressure upon the piston will, consequently, be 60 x 1°76 = 105°6 Ibs. If 
this heat could be retained, no loss of power would result fiom its generation. As in the compres- 
sion of the air, work has becn converted into heat, so in the expansion of the air, heat would be 
reeonverted into work. But in practice, the hcat duc to the work done upon the air by the 
compressing piston, instead of reappearing as work upon the piston driven by the air, escapes into 
the atmosphere thiough the sides of the receiver, the cylindar, and the conducting pipes. In 
order to see clearly how this Joss ocews, suppose the delivery valve V to be closed, and the piston 
to be held in the position m"n”, The pressure upon the piston is, as we have seen, 105°6 Ibs, to 
the square inch. Of this pressure 60 ]bs.is duc to the increased density of the air, and 105°6 — 60 
= 45°6 Ibs. is duc to the meicasxcd temperature. As the temperature of the air falls, in consequence 
of the escape of the hcat through tho cylinder imto the atmosphere, the pressure will diminish, 
and the diminution will continue until the temperature hay fallen to 60° Fahr., which we have 
assumed to be that of the atmosphere, when it will be 60 Ibs. to the inch. Thus the loss of work in 
this case, occasioned by the accumulation of hcat, execeds 48 per cent, 

To avoid this great logs, air-compressing machines are construct d to compress tho air at 
constant tempcrature. The body employed tv take up the heat, the body X, in the case already 
considered, is water. In practice, however, the 1esults are fur from being so perfect as they were 
assumed to be in the theoretical caso. It is impracticable so to apply the water as to take up 
the whole of the hcat as fast as it is generated. The most effcctive arrangements yet adopter 
consist in surrounding tho cylinders with cold water, and, at the same time, injecting water, in the 
form of very fine spray, into the air that is being compressed. In some muchines, water is made to 
circulate through the piston as well as round the outside of the cylinder. Tt will thus be observed 
that the cfliciency of an air-compressor largely depends upon the completeness of the means 
adopted for keeping the air at a constant temperature. It must, however, be borne in mind in 
adopting such means, that they complicate the machinery, and may themselves be o source of loss 
of power, ; 

We have now to consider the converse of the foregoing case, namely, the full of temperature 
occasioned by expansion of the air. We have shown that when the piston arrives at mn", the 
compressed air has a density of four atmospheres and a temperature of 917° absolute, or 456° Fahr, 
Let the piston remain in this position until, by the escape of the heat, the temperature has fullen 
to that of the surrounding atmosphere, namely, 521° absolute, or 60° Fahr.; and Iet the piston be 
then allowed to recede to ma. The question now is; What will bo the temporature of the air 
when it has expanded to atmospheric density? The equation already given becomes, for this 


case j~— 
Log. T, = Log. T, — 0°408 log. R. 


Log. 521 = 2°7168377 
~ 0°408 low. 4 = 0°2456404 = (0°60206 x 0+408). 


Log. T, = 2°4711973 


Lhe number corresponding to this logurithin is 296° absolute, or 296 — 461 = —165 Fohr. It 
thus appears that the air which rene ap from the exhaust parts of un engine driven by compressed 
air is excessively cold. A practical difficulty urising from this is the formation of ice in the 


Here we have 
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exhaust passages. Unless means are provided for keeping the parts clear, they may be spcedily 
blocked up, and serious delays as well as great inconvenience may result, when high degrees of 
compression are resortcd to. The influence of this cold air on the atmosphere of underground 
i is, however, very beneficial. 

Woe have seen that, owing to the imperfection of the means employed for abstracting the heat, 
there must be a loss of power, duo to the rise of temperature in compressing air. The amount of 
tlic loss will be greater as the cooling arrangements aro less effective and complete. But thero are 
other sources of loss, of inferior, but yet of very considcrable importance, One of these is the 
clearance spaces at the ends of the cylinder. Suppose, for the sake of illustration, a cylinder in 
which compression is carried to six atmospheres. When tho piston arrives at the end of its struke, 
the clearance space contains air compressed into one-sixth of its volume at atmospheric presguro ; 
und it is evident that when the piston commences its rcturn stroke, this air must expand into six 
times its volume, that is, it must expand to its original volume, before the suction valve can open 
to admit a fresh quantity of air to be compressed. Thus thero is lost at every stroke, a quantity of 
air cqual to that containcd in the clearance space. ‘To remove altogether the necessity for 
w clearance space, columns of water havo been employcd in the place of a piston, in a manner 
to be hereafter described. These fulfil the purpose very satisfactorily; but if must be borne in 
mind that they are themselves a source of loss of work, by the inertia which they oppose to the 
motive foree. Such compressors require to bo driven at a low specd. They are commonly 
described as “low speed” or “ wet” compressors, those in which a piston acts dircetly upon the 
air being designated as “high speed” or “dry” compressors. It should be observed that tho 
contents of the clearance space includes the air in the receiver behind the valve, which air returus 
info the cylinder as the valve closes. This is called the “slip” of the valve, that is, the quantity 
of air which the valve, as it returns to its scat, allows to slip back into the cylinder. When the 
lift of the valve is high, this quantify may be considerable; and when the lift is very low, the 
resis{anee from friction duo to the contracted passage may bo great. 

Twakage of the valves und pistons, and the friction of the moving parts, constitute sourecs of 
loss of greater or less importance, according to the degree of perfection attained in the construction 
of the machine, and the state in which it is maintained. As these sources of loss ure greatly 
dependent for their existence upon design, workmanship, and supervision, they are capable of 
boing reduced within narrow limits, It is, however, necdful to remark here, that tho loss of work 
due to the friction of the air in the vulve-ways, and to the influence of the contracted vein, is by 
no means inconsiderable. 

There is yet another comee of Joss of motive foice, the influence of which is very great, and 
Which inercases with the degree of compression adopted. This source of loss, which has hitherto 
heen strangely overlooked, exercises an important bearing upon the question of ceonumy relatively 
to this mode of transmitting power, and is, therefore, deserving of careful altention, Sinee the air 
has to be comprersed by the application of forec, it is clear that the fraction of that force remaining, 
after the important deductions have been mude for the losses already deseribcd, cannot be fully 
recovered, without working the air cxpansively down to the pressure of the atmosphere. As this 
is in all cases impracticable, there must always be o loss of work. In the case of machine rock- 
drills, which work without expansion, the loss is very great. 

Compressed air is conveyed in pipes fiom the receiver into which it is forced, to the machines 
in position at tho various points where operations are being earried on, throughout distances often 
considerable, In this transmission, a loss of work is oceasioned by the friciion of the air im the 
pipes. Numerous and cxhaustive experiments have been made to determine accurately the valug 
of the loss {hus ocensioncd, From the results of these experiments, the following three conclusions 
Jiave been deduced, namely; 1, that the resistance is directly as the length of the pipe 2, that it 
is directly as the square of the velocity of flow; and 3, that it is inversely as the dimuneter of the 
pipe. Upon these conclusions, formule have bcen established, whereby the value of the loss of 
force may be ascertained with ease and accuracy. These formula show that, for pipcs of the 
diameters usually cmployed for this purpose, and for distances not exceeding one mile, the loss of 
motive foree, due to the friction of the air in the pipes, is of very small amount, when the velocity 
does not cxeced four feot a second. Ag this source of loss is of little importance so long as the 
velocity is kept below this limit, it is unnecessary to discuss here the formule by means of which 
ity value may be determined, or to illustrate the method of their application, 

Tho steam pressure required in the boiler to obtain a given pressure in the air-receiver, may be 
readily ascertained by a simple calculation of the work done in compressing the air. It is evident 
that if there were no Joss of power from: friction and other causes, the work done in the pteam- 
cylinders would necessarily be equal to the work done in the air-cylinders; therefore, when we 
have found the mean pressure in the air-cylinder, we have only to determine what boiler pressure 
is required to give, with a given grade of expansion, the same mean pressure in the steam-cylindcr, 
when the pistons of both are equal in arca and length of stioke, When the areas are different, of 
course an equivalent mean pressure Inust be found, But since there will be a Juss due to friction, 
the mean steam pressure must be made somewhat greater thun the mean air pressure, the amount 
of the excess being dependent upon the degree of perfection attained in tho design and construction 
of the engine. : 

If the foregoing theoretical considerations have been fully understood, the respective merits and 
defects of the air-compressors now to be described will be at once clearly perecived. 

The low-specd or wet compressors, have certain advantages over the high-speed or dry com- 
pressors, wtiicli should here be pointed out. By using the water column, the clearance spaces are 
nmoust wholly aveided, the pernicious influence of which spaces we have shown to be very great, 
when high degrees of compression are adoptid. It hag been ascertained that when these wet 
compressors are well constructed, and the density of the air is that of three atinospheres, they 
furnish about 96 per cent. of the volume of air, duc to the space swept through by the piston, In 
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dry compressors, such a return as this is never obtained. In the latter machines, there is always 
some loss from the escape of air past the piston and through the stuffing-boxes ; in the former uo 
such cscape can occur. The water column also tends to keep down the temperature, by absorbing 
the heat generated, a practical advantage of some importance. Finally, there is less wear and tear 
in a wet compressor than in dry one, and consequently repairs are less often needed. ‘The most 
serious defect of the water column lies in the necessity for a low speed, the mass of water in motion 
being considerable. Henco, when large quantities of compressed air are required, recourse must be 
had to increased dimensions. ; 

The wet compressor was first used by Sommciller, at the Mont Cenis tunnel excavation, and 
the form which he adopted has not since been modified in any material degree. A compressor 
of this kind is shown in Fig. 138, from which the construction and tho action will be readily 
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perceived. It consists of a horizontal cast-iron cylinder in which the compressing piston moves ; 
the piston is, in this cage, packed with leather. The cylinder is firmly fixed upon a horizontal 
bed-plute. At cach end of this principal cylinder, and in free communication with it, is another 
vertical cylinder or column, which, as well as the first, contains a body of water. Two gun-metal 
clack-valves, faced with leather, open from the outside inwards, and serve for tho admission of the 
air; these are the inlet or suction valves. At the top of the vertical cylinders are the outlet or 
delivery valves. In this construction, we have upon each of the two faces of the piston moving 
horizontally a column of water of a certain height, which ascends and descends as tho piston 
advances and recedes. During the descent of the column, the air is drawn into the space left free 
by the water; and during the ascent of the column, this uir is compressed, and forced into the 
receiver, As the water is driven close up to the delivery valve, there is no clearance spuce. 
The quantity of water is so calculated that when the piston has arrived at the end of its stroke, the 
column reaches the delivery valve; a small quantity of water is, however, carried out through 
this valve by the air, aud to replace this, a constant supply is brought iu above the inlct valves, 
through a small pipe. This water enters the cylinder while the valve is open. This excess of 
water serves to keep the air cool; the requisite degroo of opening of the cock upon the supply 
pipe, for a given piston velocity, is soon ascertained by experience. ‘The compressed air cuters a 
horizontal pipe connecting the two vertical cylinders of the compressor. The pipe connecting the 
compressors with the receiver, enters this horizontal pipe in the middle of its length. Beneath the 












point of junction of these two pipes is a well, to catch the water carried along by the compressed 
air, A small tube conducts the water back to the reservoir, 

An improved form of this compressor, manufactured by the Humbolt Engine Works Company, 
at Kalk, on tho Rhine, is shown in Figs. 134,135. In this construction the piston is replaced by 
the plunger, the stuffing-boxes of which are readily accessible, and easily Kept in order. Tho 
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apparatus which aro brought into contact with the compresscd air. Those means, which aro very 
ingeniously arranged, are a circulation of water round the cylinder, and through the cylinder- 
covers, piston, and piston-rod; and an injection of water, in the form of spray, into the two ends of 
the cylindor. The circulation of the water in the cylinder-covers and round the cylinder, is offected 
by means of a small pump placed at tho sido of the cylinder, the plunger of which takos its 
motion from the cross-head of the compressor piston-rod. This pump forees the water through 
copper tubes having an internal diameter of about 3 inch, into the spaces aa, Fig, 187, cast in the 
thickness of the cylinder covers, and into the annular space b 6, formed between the cylinder and 
ils outer casting or jacket; tho water passcs off through similar tubes situato in the bottom of the 
cylinder jackct. By this means, a constant 

and regular flow is maintained. The circu- 142. 

lation of the water in the piston and tho . 
piston-rod, is cirricd on by the following 
wrrangement;-——T'he piston, which is of 
steel, is borcd throughout its whole length, 


as ie 
to a diameter large cnough to reccivo a f il i or] pease lec 
copper tube cc, and Icave “v small annular it (i [Ne H | IY 













space around it. This tubo is nearly equal e jifile J a) | 
in Jongth to the piston-rod, and is fastened - re "iis 
to it, at its back end, by means of a brass Fl fi Waa ly 
screwed plug, into which penetrates, with oni i P= OB 


easy friction through the glands of the | 

peat ir a pipe ff, firmly tixed to tae = | {Iie es | 
cylinder by means of an iron strap yy. ‘The rm a 

water, driven by the pump already men- 2 i] [Te | Sle) 

tioned, passes through 
this pipe into the tube 
ec. Having reached 
the forward end of this 
tube, it returns through 
the annular spaco left 
between it and the 
piston-rod, as fur as the 
diaphragm ec, which 
consists of a brass ring 
fastened to the piston- 
rod in the same line 
as the piston. This 
diaphragm obliges the 
water to pass into the 
piston, and to covl suc- 
cessively its two faces, 
as shown in the sec- 
tion, Fig. 137. The 
water afterwards cs- 
oe through — the 
indiarubber pipe 4, which is fixed to the back end of the piston-rod. The water is injected into cach 
end of the cylinder by means of two small pipes, Figs. 137 and 141, fixed in the upper part of the 
cylinder, their ends being cluscd by a metal dise /, and picreed by two inclincd holes opening 
opposite cach other, and having a diameter of about one fiftieth of an inch, The water being forecd 
under considerable pressure through these holes, by means of the fecd-pump, one jet strikes against 
the other, and is thereby divided into very fine spray. The quantity of water to be introduccd by 
this moans, is so regulated by experiment, as to keep the air completely saturated. Under these 
conditions, even when the cieulation in the interior of the piston is cut off, the temperature of the 
apparatus will not rise above 95° Fahr. All the parts, indeed, remain cool, with a velocity of 
sixty-five revolutions « minute, and with the air compressed to six atmospheres. In cach of the 
eylinders there aro two suction valves and one discharge valve, formed of very thin plates of stecl 
with bronze scatings, the valves being kept in contact with the scatings by means of spiral springs 
coiled round the vaive stem, Fig. 138. The dimensions of these valves are as follows; Suction 
valves, internal diameter of seating, 41 in.; external diameter of valve, 5 in, Discharge valves; 
internal diameter of seating, 38 in.; external diameter of valve, 4} in. 

At the Airolo end of the St. Gothard tunnel, twelve of these compressors have been erected, in 
groups of three, on one side o£ a common driving shaft, which is sct in motion by four distinct 
turbines, by means of powerful bevelled gearing. The coupling boxes or clutches employed, allow 
the isolation of cach of these four groups with its motor, while by another mechanical arrangement, 
which disconnects the bevelled gearing, cither of the motors may be stopped, the corresponding 
group of compressors reeciving motion from the common driving shaft. These arrangements 
greatly facilitate the carrying out of repairs, ay they allow of any one group of compressors being 
stopped, without interfering with the working of any other part of the machinery; for even if it bo 
necessary at the same time to repair onc of the turbines and a compressor belonging to different 
groups, the remaining nine compressors can be diiven, as already shown, by means of the common 
shaft in each group. ‘The three compressors o, 0’, o", Fig. 142, are fixed side by sido upon one bed- 
plate, and connected directly to a three-throw erank-shaft P. This shaft is connected by the 
couplings Q Q' to the driving shafts RR’. On the shafts are keyed the bevelled whecls s, driven 
by horizontal turbines. 
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Tho dimensions of the compressors at Airolo are :— 
18*1 in. 


Diameter of piston ..  .. 0. ue cee wt 
Stroke of piston =... ws we wee nwt we tees 17°7 
The theoretical volume generated by the compressors at each stroke will 


93 


2°63 cub. ft. 


an ee ee arr 
And at each end of the shaft ee ee es ee ee 5°27, 
Which will give, for each group of three compressors, a volume of “ 15°81 sy, 
At the normal velocity of sixty-five revolutions a minute this will give, 

for each group of three compressors, a theoretical volume of .. ... 1027°65__s,, 
Ata ae of six atmospheres, which is the ordinary working pressure, 

this quantity will be reduced to.. .. 2. ee ee we eee TAT 
The actual volume, as proved by experience, will not amount to more 

than 70 per cent. of the theoretical volume, or.. .. .. .. « 119°9 


oe ee ee oe ee ee ea 


The experience gained at Airolo shows that Colladon’s compressor, notwithstanding the compli- 
cation of its parts, and the high velocity at which it is driven, does not require more repairs than 
the ordinary machines with water columns, which are driven at a much lower velocity ; while the 
amount of its effective work will be fully equal to theirs. It is therefore superior to the latter, as, 
on account of its greater velocity, it is capable, with a smaller diameter and a shorter stroke, and a 
consequent proportionate reduction in the first cost, of furnishing the same proportion of air at a 
given prossure. It also possesses the advantage of being able, with a slightly increased velocity, 
to furnish volumes of air greatly in excess of the normal quantity. This advantage, which is 
altogether unattainable in a machine with water columns, on account of the great mass of wator 
which has to be put in motion, belongs, however, to all those direct-acting compressors in which 
the velocity can be inercased, in proportion as the cooling of the uir is more completely carried out. 
The importance of this a lvantage can hardly be overrated. 

With regard to the complication of its construction, this exists only in the means adopted for 
carrying on the circulation of the water in the interior of the piston and the rod; and although these 
means of cooling may be indispensable, in those cases in which we are precluded from adopting the 
more simple, direct efficient method of cooling by the water jets, as commonly used for compressing 
gas, it seems to be proved by the experience at Airolo, where the circulation of the water in the 
piston has not been maintaining the temperature within thoso limits which are fuvourablo to the 
proper working of the apparatus, that if this circulation be abolished, the machiue will become one 
of the most simple and advantageous sir-compressors. 

Sturyeon’s Compressor.—The chief object sought by Sturgeon in the design and construction of 
his high-speed, air-compressing engine, has been to increase the percentage of the useful effect 
obtained from the force applicd. This object he has endeavoured to attain, by the adoption of a 
new construction of inlet valves of his invention, which allows him to run his compressor at high 
speeds, without detriment to his machine, allowing for reusonable wear and tear. 

The receiver and stcam-cylin er in this engino are cast in one picce, the air-compressor cylinder 
being bolted to the receiver, on the side opposite to that on which the stcam-cylinder is placed, as 
shown in Figs. 143 to 145, in which a is the air-compression cylinder, ¢ the stcam-cylinder, und 6 the 
receiver. <A fly-whecl shaft d, is carried by two pedestals, at the other end of the bed-plate or 
receiver 6, and to this shaft are keyed the fly-wheels ¢c’, one at each end ; the crank-pins ff’ on these 
fiy-whcels are fixed at right angles to each other, and are connected in the usual way to the two 
cylinder pistons. Now, as in the compression cylinder the pressure is snallest at the beginning of 
the stroke, and the greater portion of the work is done in the latter part of the stroke, whereas in 
the steam-cylinder the pressure is the greatest at the beginning of the stroke, and least at the end, 
the setting of the crank-pins at right angles to each othor, enables the steam crank-pin to be in its 
best position to meet the increasing resistance in a similar ratio. It is said that by this arrangement, 
aud with equal cylinder diameters on both sides, the air-compressor hag registered, at one and the 
same time, double the steam pressure of the other cylinder. 

To meet the varying requirements of the air-driven machinery in the supply of air, the 
following arrangement hus been adopted, by means of which the steam engine is euubled to vary 
its specd automatically, so that when the air-driven machinery is stupped, the air-compressor may 
likewise stop. 

On the flywheel-shaft d, an eccentric % is placed, which works the valve of the steam-engine, 
in such a manner ag to lengthen or shorten the travel of the slide, according as the pressure in the 
receiver falls below, or rises above, the required degree, which will necessarily correspond to an 
increase or a slackening of speed. A plunger fits air-tight in a rocess made in the receiver 6, and 
accordingly as the pressure increases or diminislics, so will the plunger rise or fall, carrying with it 
in the same dircction the fulcrum of a lever n, whose centre is accordingly raised or lowered in the 
guides pp. Motion is produced in this lever x round its fulcrum, by its upper end boing connected 
with the before-mentioned rod m. The vulve-lever s, working from a fixed centre, has a projecting 
pin r, gearing into a corresponding groove cut along the length of the lever n, so that the recipro- 
cating movement of the lever u is imparted to the valve-lever s From this description it will be 
evident that the more the centre of the fulcrum of the lever n rises, the moro will the travel of the 
valve be shortened; in other words, the less steam will be admitted into the steam cylinder, 
whereupon a slackening of speed must cnsue. In order to regulate tho pressure in tho receiver 6, 
a sliding weight u is attached to the rod m, which, according to the position in which it is set, can 
be made to maintain the degree of pressure desired in the receiver. When the centre of the lever 
n comes opposite the pin r of tho lever s,the motion of the latter is stopped, and the engino 
automatically comes to a stand. 

In order to reduce the heating of the compression cylinder, it is enveloped by a tank, which ig 
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kept constantly filled with cold water. As this water becomes heated, it is used as feed-water for 
the boiler, and thus a portion of the heat generated, which otherwise proves detrimental, is turned 
to some advantage. AJl the working purts of the machine aro counterbalanced, and it is stated 
that, with a speed of 220 revolutions, o1 440 feet a minute, no futher foundation is required 
than a few wooden logs, placed underneath, to keep the fly-whccls from touching the floor. 





145, 
The construction of the air-cylinder valves, which form VA 
the chief innovation in this type of air-compressors, will be Ji J Z 
fully understood by w reference to the enlarged section, ek ee 2 We 
Fir, 145. These valves aro fixed in the cylmder covers, s gk ‘ 
and aie duplicates at cach end; the inlet valve ++ 18 placed OW 






in the centre of the cylinder cover m the form of a cireular 
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the cylinder cover, when the two come in contact with cach 
other. Owing to the friction which this stuffing-hox has 
upon the piston, as the latter reccdes from one end of the 
cylinder, the corresponding stuffing-box becomes drawn in 
the same direction, until its travel is checkcd by the stop, 
shown in the figure, coming against the outside surface of 
the cylindor cover, when the piston completes the remainder 
of its stroke. The return of the piston brings the inlet 
valve close on to its inner seating, thus preventing the air 
from escaping out again whilst it is being compressed, To 
prevent these valves from coming in violent contact on 
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their seatings, when working at high speed, the crank-pins are further so arranged, that at the 
moment of contact the crank-pin is almost on its centre, or at its lowest speed, and the valve is 
thus brought gently on to its facings, without violent concussion. The opening of the inlet 
valves is altogether independent of the vacuum formed in the air-cylinder, inasmuch as they 
owe their action to the driven pirton. Morcover, the compressed air is here turned to account, 
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in proventing the valve from opening, until the piston has travelled sufficiently far to allow time 
for the delivery valves to close. 

The delivery valves jj are distributed over the whole inner surface of the cylinder covers, and 
are in direct communication with the 1ecciver 6, through the passage q; these valves arc kept in 
close contact with their facings, partly by means of a spring thrusting inwards, and partly by 
means of the back pressure exerted on them by the compressed air in the recciver 6. As soon ag 
the pressure in the uir-cylinder, acting on the inner surface, becomes gieater than tio counter- 
pressure, the springs become compressed, or, in other words, the compressed ir in the cylinder 
furces its way through the valvo openings and the clear passage 4, into the roceiver }, to be thero 
stored, The back pressure on these delivery valves causes them to close again, and tho inlet valves 
are then ready to open inwards. It will be seon that for the purposes of repairing or cleaning, 
these delivery valves can be removed, without detaching any fast joints. 

Hathorn's “ Reliance ’ Ar-compessor.—In this machine, which is made by Hathorn and Oo., of 
London, the improvements lic chiefly m tho design and construction of the valves, by which clear 
air-ways are obtained, and prompt and ceitain action is secured. A reference to Figs. 146 and 147 
will show that the designers have aimed at and attained simplicity and compactness, qualitics of 
very great importance, 

It will be seen that the air-cylinder, which is in this caso 9} in. in diameter, is placed betwoon 
two steam-cylinders, 64 in, in diameter. They all have the same stroko, 10 in.; one crank 
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shaft acrving for the three. The middle of this shaft is crauked for working the connecting rod of 
the air-piston, having dises or fly-wheels keyed on at both ends. The discs are fitted with crank- 
pins, on which work the connecting rods of sti am-pistons. Forming continuations of the crank- 
pins are eceenhic throws for actuating the slide valves, so as to avoid the wearmg surface of 
eccentric sheaves actuating in their stiaps. The connecting rods are of the marine type, with 
simple and efficient provision for taking up gear. The foundation plate forms the air-receiver; 
it is stayed with internal feathors cast in, which 1ender it capable of bearing any pressure up to 
200 lbs. on the square inch. The hand holes on both sides are for convenience in casting; a 
pressure gauge aad relief valve are also added. 

Besides the simplicity and compactness of the main parts, the valves, both for inlet ond delivery, 
deserve attention, The old three-winged valve, with mushroom top, frequently sticks for one-third 
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of its stroke; besides, its great weight adds considerably to the mechanical power required to drive 
the machine. Again, the cylindrical valve, working on a central guide, with a thimble for keeping 
it air-tight, soon woats unevenly and causes the thimble to break. The inlet valve, shown in 
section and plan in Figs. 149, 150, is a cylindrical valve, guided by a central spindle, $ in. in 
diameter, aid working in « hollow cylinder. The seat is formed by a conical edge turned on tho 
overlapping flange; while a passage is afforded for the air by a portion of the periphery, ahout an 
eighth of an inch wide, being turned out, as will bo seen by the drawings. The travel, which 
dopends on the size of the cylinder, is reguluted and limited by screwing up the nuts on the 
guiding spindle. Fora 9}-in. air-eviinder, the valve is 1} in. in diamotor, there bone four arranged 
in each cylinder cover, as shown at Fig. 148, and for a 124-m. cylinder six valves of the samo size 
are provided. The valves and their sevting aro quite flush with the inside of tho cylinder cover, 
being recessed therein, so that the piston can come homo within ,, in. whoreby dond spaco 18 





avoided. Any single valve can readily be taken out if it 
should beeome clogged, without breaking the joint of the 
cylinder covers; or one valvo could be serewed up so as 
not to work, and the compressor run with the other thicc, 
without inercasing their travel. The valve fits casily in 
its casings, and as it 18 counterbalanecd by the au, the fr e- 
tion is reduced ton minimum. When the piston begins its 
stroke, tho inlet valves open by atmospheric pressure and 
air cnters the cylinder. The return stroke ecomprcsscs. thy 
air and forces it through the two outlet valves, which are 
serewed on to the top of the eylinder, as will be scen m 
Fig. 146.) One of these outlet or dehvery valves, with its 
case, is shown separately in vertical section and plan in 
Migs. 151, 152, Lt has, as will be seen, n cential guide, and 
is slightly coned on its outer edge to form the sent. <A sct- 

screw in the cover adjusts the /| 


tiavel; and a slight spiril 
spring, introduced betwecn the potest 


spindle and the cnd of its eae Te 

guide, serves to deaden the Se ' 
shock on ope ning, and also to 

close it smartly. at ee nae 





2 

The cylinder is surrounded 
with a water-jackct, through .* 
which cold watcr constantly a . 


circulates, to tuke up the heat 
generated by the work of compression, The air passag: is cast on the top of the cylinder and on one 
silo of it, forming a connection with the roscrvoir as short and dircet as possible. There is no com- 
plication m the fixing of the cylinder on the air-reservuir, Both surfaces are merely planed true ; 
and round the orifice of the air-passuge a channel is cut in the bed-plute, into which a piece of lead 
wire, 1 in. in diameter, is inserted to form tho joint. The arrangemcnt of cranks, tho angles of all 
threo being equally divided, is such that, when cach of the steam-cranks is at tho most effective 
part of its stroke, the air-piston 1s exerting its highest effort in delivering the greatest force of air. 
Tne Burleyh Compressor —The Burleigh air-compressor is remarkable for the simplicity of its 
construction ; it has been in use now for a number of years, aud at some very important works of 
excavation, the chief of which is the Hoosac tunnel in America, whcre it is stated to havo given 
entire satisfaction. An elevation of this compressor is shown partly in scction in Fig. 153. It 
consists of two vertical air-cylinders, the pistons of which are diiven by o horizontal engine. 
It will be seen in the section of the air-cylinder that the pistons a are worked from a shaft, thio 
wernnks b and c of which are set at an angle of 180 degrees. The driving crank ¢ mukes with these 
an angle of 45 degrees, so that the greatest work of the motor piston coiresponds with the greatest 
‘resistance opposed to the compressing piston. The valves f and g are circular plates, held in place 
iby vertical guides. The compressed air from the two cylinders is forced into a common chamber &, 
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and conducted thence, through to « receiver, to take up the hent generated by the work 
a jet of water yt asd into the cylinder through the mpe: This water serves 


of compression, a jot 

also as a lubricator, At tho bottom of the receiver we a cock, which ts opened at intervals to 

a= ag aatnctlanah ioieg ted by John Fowler and Co 
owiers Av-compressori—-A pair OF alr-fouipressors construc ohn Fowler an is 

shown 10 clevation and in plan in Figs 154 and 155 These engines are coupled together at 





pap necator ave eure As heme ft Shea is tm 


af a prvssare of 70 Us the eqaare ich and w oui off at one-fourth atroke, the aur @ compromoa 
to 40 The to the sqanre inch abore theatmesphere The steam and exhaust valves are of the 
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= to Camaee reepeed ray: teaghegy w 
valves are worked a cam on a horison shaft, which ven mitre from 

wheel ht tals as worked be on cual cas and are set to close 
valves of the air-com eylinders CO are shown in’ Bape 


ai 
which is a longitudinal section through the aircylinder and covers, and Fig. 187 is an end 
B are of cast iron with leather flapa, there are three of these in 


a 
E 









each cover, Tho two outlet valves 1D, aleo in the cylinder-oover, ure of brass, and heave mitro 
faces, 14 in long, inclined at an angle of 30° to the valve-spindle. Valves made of vuleanised 
indiarubber, and brass valsea with common short mitres and flat faces wero tried, but nono 
were found to anawer so well as those shown tn the flyures, 

Theee engines are mtended to work at twenty revolutions a minute, or at a piston s of 
240 R « minute, and to indicate 482 horse power The regulator valvo 1s ect to admit suffi. 
ctwnt steam for driving them at this speed, aguinst an air preasure af 40 Ibe to the aquare inch, and 
they are then self-governing, for should the machines not take air from the receiver as fast an it i 
fureed in by the engines the pressure in the recciver, and consequently the resintance to be overcome, 
inc reas s, aud the speed i diminished If the engines come toa stand, and noma standing for sual 
a length of tino that the steam left in the cylindcre has not force enough to put them in motion 
again, they aru started by admitting steam through a amall pape, leading from the main steam-pipe to 
each cylinder-cover Theair cylinders have water jacks ts opcnat the top, as shown in Myr 188, the 
nir is forced into the receiver B, Figs. 154 and 155, which is 5 ft, in diametcr and 30 ft im longth, 





Fig 158 ww of an asr-compressor, designed 
by Richard & bram, of London, and Fig 159 
wan enlarged view of an air-cylinder on this 
principle, but with two valves. The cylin- 
der ae’,in which the sir in cumpressed, is 
cast in one picee with the cylinder b, through 
which the compreased air is driven at each 
stroke of the k, by the openings « +’, 
alternately into the receiver which coromu- 
nicates with the cylinder 5, by the delivery 
valve (, When the piwton 4 communces its 
backward atrcke, the hollow piston ¢, which 
works in the cylinder 4, is in the powition 
sir cule freely Brough the opening ¢, the 
enters @ ng c’, 
is driven eet the 
+ ga &, where, being enclosed in 
space ¢, it pasecs through the delivery 
valve i into the receiver The piston 4 WPS! eth. PEE ES 
continues ite stroke until clove to the back 
pt i onver, and as there are no recesses or valves in cither of the cylinder-covers, or in the 





ee ee ae eee "ap ohare se aide tog 

to compressor piston 24 stean-piston ¢ move simultaneonsly, 

ie to the steam-cylinder, not shown in the figures; thie being 

and, st the same time, ng through the port a, reverses 

on the top on the main steam cylinder. 
Fd 
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of this small piston being connected with ¢, oauses it to be reversed simultaneously with 
tain free air to enter aa the same time # communicution is made between the cylinders 
a and ¢, for the air which is to be com at the next stroke. A corresponding operation takes 
place during the forward stroke, When tbe air-piston k and the eteam-piston ¢ have arrived at 
the end of their forward stroke, the steam admitted into the steam-cylinder d enters, through 
the port x’, reverses the small piston s, and with it ¢ is reversed, and the machine will be again in 
the position shown, When this aad neg is not driven directly by steam, ¢ is worked by mecha- 
nical meuns from the crank-sheft. Any compressed air remaining at the end of each stroke in 
the space in e cannot be lost, for on opening the passage c to the free sir and the cylinder ¢, a still 
cuta off the cylinder 5 from communication with the free air, and effecta a similar pupore at the 
other end. Thus ¢ is never in communication with the atmosphere, but only with that part of 
the main oylinder a or a’ in which compression is going on. The delivery valve / moves verti- 
eally, and the air in the receiver being admitted to its upper surface, it closes freely by the back 
pressure and itsown weight. A modilcation of this arrangement, especially in the larger sizes of 
these compressors, is sornctimes made ; this consists in having the space e divided into compart- 
month, as ‘ Fig. 159, with two delivery valves. Tho air retained in the apace e, which in large 
machines would act detrimentally on the reverse #troke, is here reduced in amount by one-third, 
while the samo advantage is obtained as when the single delivery valve is used, neither of the 
two delivery valves being ever exposed to the free air, By effecting the inlet in the manner 
deseribed, the frow air onters the cylinder perfectly cool, It has uot to pasa through narrow valves 
with the attendant frietion and heating, and thus a full volume of cold air at the atinospheric 
pronsure fille the cylinder and is compressed at each stroke. Another advantage obtained by 
dispensing with inlet valves, is the avoidance of a partial vacuum at any purt of the atroke. 
When the inlet is effected by means of valves, these valves generally open by suction, so that a 
partial vacuum is of necessity produced before the tree air is udmitted mito the cyhnder. When 
springs are used to close these valves the whole cylinder can nover be filled with air at full 
atmosphere presiure, and consequently part of each stroke of the piston is ineffective, serving 
morcly to bring the air whieh is to be compressed to atmospheric pressure, Should the inlet valves 
apen wand close hy frietion of the piston-rod or by suction alone, then part of the air, instead of 
being compressed, in lost at the commencement of cach stroke, being driven out of the cylinder 
before the valves are properly cloned. 

Ax the consumption of air varies with the work performed by the machine supplied, it is neces- 
avy to haven reservoir, in which sufficient air can be stored to render the variation in consumption 
inappremable, Botlers and tanks are froquently used as receivers, Sometimes the base-plate of 
the compressor in constructed ada receiver, but us plan does not give sufficient capacity. The 
receiver should be provided with outlet and satire isclin ite cocks, 

To conyey air to the work, both cast and wrought iron pipes are used, A flange is cast on the 
pipes and an indiarubber washer secures the joint between the flanges. In some cases one flange 
8 grooved anda bead formed on the face of the other, Where lightness is requircd, wrought-iron 
piping is used, with carefully-fitted flanges. Each flange is fitted solid by interposing in a groove 
in the flange, a copper rg between the flange and tho pipe ; by brazing, the flange, ring, and pipe 
form an air-tight joint. Considerable lengths of pipmg require means to be provided for the 
expansion and contraction, caused by variation in temperature 

W. Dantell, ina paper read before the Institute of Mechanical Engineers in 1874, gives 
some important details of oxpernnents, undertaken forthe purpose of dctermining the proportion of 
weful effect obtamed fiom compressed air, The machimery employed in these experiments 
consisted of a 1G in, dnalihiees Minder steam-engine having a stroke of 30 in., and an air-cylinder 
of the sumo diameter, placed behind each sterm cylinder, and on the same 'piston-rod of 24 in. 
diameter, the general construstion being similar to that of the Fowler compressor just described. 
This compreastug engine was mounted ona receiver 5 ft. in diameter and 24 ft. in length, which 
wersvcdl ae a bed-plate. Tho engine worked by the air was an ordinary semi-portable engine, 
having two 10 in. cylinders with 12-in stroke, and a common slide valve cutting off at three-foui ths 
etroke, “The nir from the receiver was taken into the multitubular boiler of this engine, which formed 
a aehear TOCOINGT, and was thare cooled to the same deyres that it would have been if taken through 
® long length of pipes, though probably there was lesa friction. The tem ture of the air in this 
Teeter was nover moro than 5° Fahr. above that of the atmosphere. This air-engino worked 
friction brake, and indicator diagranis were tuken from its cyliuders while disconnected from the 
brake, and also while running with the load on the brake. The force expended in compressing 
the wir was awertaimed by diagrams from the steam-cylinders of the compressing engine. The 
dingrams were taken at tive difforent pressures of air and steam. Three experiments ware made at 
each preesure, and the monn results taken. These mean results are given in the following Table. 
The duration of each experiment was about twenty minutes, and no greater variation of ais peesiare 
than ¢ Ib. to the square inch touk place in the receiver during any one experiment, The air- 
pressuies for cach set of al ee Were respectively 40, 34, 28}, 24, and 19 Iba. to the square inch 

above that of the atmosphere; 40 Ibe, being the maximam nerally considered advisable in 
ractica, it was deemed unnecessary to go beyond this. From the detailed statement given in the 
whle, it will be seen that the power required to compress the air being ascertained by the steam- 


oylinder diagrams, the peroen of useful effect y L i 
eo ee jie t yielded by the a'rcngine at the five different 
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Air preasure oH Ibe. gave uecful effect 25 
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The asefal effict is artived at by adding to tbe power absorbed by the brake, the power 


" Per cent. 
, Air-pressure 24 lbs. gave useful effect 34-9 
hed ot 19 oe ” ” 7 45:8 
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uired to work the unloaded brake, the result being ascertained by taking indicator diagrams from 
the engine driving the loaded brake, and deducting deoad/tlecuor dinaratue’ tive power required to 
w engine alone. 





Preesure of alr in receiver in lbs. to the square inch above : . : 
atmosphere. 6. ewe eee tenet 10°0 S40 28°5 f 19 
Mean effective steam pressure in compressing engine in ee 96°83  25°1 | Yie5 19°7 | 16-6 


tothe aqnareinch 2.0 0.006. wee we ees 
Piston ? ein in compressing engine in feet a minuto .. .. 1909 155 140 110) 60 
Mean effective pressure in alr-engino in Ibs, tu thesquareinch 35°6 298 24°7 21:0 | 17-0 
Piston speed in atr-angino in feet a minute... 18 104 | 10¢ 108 | 88 


Cireumf: rential epecd of brake-whveel in feot a nunute » 936 901 OO! #36 © 708 


Load on brake in lbe, 26k es - « 488 364 280 224 140 
Indicated TT P from compressing engine steam ylindera (A) 39-4 46°2 , 35 8 25-8 1B 
ye “ air-engine cylinders ae is 3 14°77 122 108 «=7F:1 

HP by london brake 2... wt . » (B) 12°77 #O FO G4 BB 
Indieated HP required to drive uniouded brmke . .. (€ 2:6 26, 26 26 2-93 
Total HP. yielded by air-engme (B+)... .  . 158 1238 } 10°2 «oO | 84 
71 285 34:9 45°8 


Percentaze of useful effect (100 x ae ce ae Se. ae, “ROE ORF? 
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The same writer given, in the following Table, the theoon tleal useful effect obtamed from the 
compressed airat the Aye diffirent prssunes coplovad in the ¢xperhuenta, aa compared with that 
whieh would be obtained frei the direct cmiplos ment of steam, having the aame mitial pressures aa tho 
compressal au, cutoff at threefourtheatroke ‘The aaleulation ie made on the saaumption that, in each 
cas, the air is compresuead by the cmplostnont of 70 Tbs steam, cut of at onefaurth stroke me von 
condenmng cngme The theoretical mean effective steam pressure ie then 35 4 Iba to the square 
tnch and the weights of beub (t of 70 lbs steam hemyg tuken at 183 Ub, the thoor tieal unc tul effort to 
Jo 8 wx 144% 4 

183 
the compreaang engine The percentage of us ful fleet realizado in the wir-axpanding engine is 
taken from the actual resulta of the cxpersocnts given in the precedmg Pablo ‘Phas in the ease 
of compreased air at 40 Tbe, at ta shown in that Table that the percontage of usotul «fret wtnually 


§ 
obtamed ia 25°8, consequently the theoretical usctal effect of the atrat 40 Pba iw 112 G82 x wo 


29 O72 fuot-pounds to the pound of water evnporatad, and for the other four pressures of nur the 
corre spotedns reaulta are Kimalarly arrived at, an given at Eoin the ‘Table Mis theoreti al us fal 
effect that would be obtained fiom the direct employment of steam at the sate tial presaures aa tho 
conpressed air, and cut offat three-fourtha atroke, is given atG inthe Table, iti ealeulated from the 
following formula, in which N denotes the namber of tones the steam i expanded, that 1, the ratio 
of the tinal volume to the volame at the pomt of eut off In the experiments the eut off being at 
three -fourtha stroke, N - i. and the hyperbolic logarithia of Noo 284 The weyht of the initial 
atoam a cube foot, at the differcnt pressures, is given in the Table, and the initial pressure ta in the 
formula oxpreaeed in pounds above the atinosphere 





the pound of water esaporate dd is ~ T12 G&S foot-poundas in the ateamecy hinders of 


ital 147 
ree ee TT + hyp log NTL RN 


Weight of initial steam a cuble fort 


144 x { 
Ueefal effect of stiam = 


It will be seen from the results tabulated, that the relative advantage derived from the use of 
co mpresecd air is greater at the lower pressures 





Pressure of air in receiver in ibs to the square inch ee | 400 34:0 28°35 24-0 a 0 


Weight of 1 eulbiec foot of steam, in Ibe. .. : » « 9°323 0110 0 099 0°000 0-79 


aad ee ~ _— wee we me 0 — ot ~ Saal cm 14 Qeanetneeenate 





Theoretical uscfal effect of air for cach Ib of water evaporated,| 59. poe naan ; 
in foot pounds oan, asa’ tated deel (F)} 29 072 80 37 82 11439826 51608 
Theoretical use ect of steam at same initial preesure os eee nag ; 
the air, in foot-pounds F eam Inia Prowwur’Gs | 59 544 56: 453 52-424 48-808 43-892 
Percentage of useful effect from sir compared with steam 


Relatively to the economical eS cores ot it has come within the experience 
of the Editor of this Diekionary, in cooling the raadyptingn ie. angst, way Rene czester tgs 
limit of usefal effect tv alowt 50 per cont. In compressing air, the whole of the force 
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eompression appears as hoat, and this hest expands the sir; so that a larger volume has to be 
expelled than if the same temperature were maintatued. The remedy for this loss consiste in 
injecting a apray of cold water into the com on cylinder, to keep the temperature uniform. In 
expanding the com air, the removal of the 1ce formed in the exhaust passages of the expansion 
eylinder, can be effected by the injection of water at the temperature of abvut 90°. This water, 
imparting ite heat to the expanding air, prevents the formation of 1ce, and, combined with the 
injoction of cold water into the compression cylinder, increas¢s the percentage of uscful effect. The 
injection of warm water into the expansion ot paar has not been generally carned out, but 
ls oi of power by compression of air would, with this aid, compete with the transmission of 

wer by water. 
“a ANIMAL CHARCOAL MACHINERY 

The moxt important of the ases to which animal charcoal is applied in the manufacturing arts, is 
the decolumzation of syrup im sugar refiners: Without treating of ita action, it 1s suffic.ent to state 
that after a time the charcoul coam« t purify the syrup, but it 1 found that the properties of the 
charcoal may be restored by ro-burning if, and apparatus fur this purpuse form, therefore, an 
important fevture in machmery for rn fining sugar 

The jnachinery ia of two kinds, in one of which the r-burning 18 effected by passing the char 
through flzed pipes or retorts, whilst in the other revolving cylinders arc cmployed, combined with 
appliances for causing the maternal to travel through the retort, cxtcrmal heat bung applicd from a 
furnace in dither form 

The common practice in the revivifleation of animal charcoal 1s to wash it with water in the 
gaine tanks, or charcoal filtcrs, in which it had been placed for the purpose of recciving suger 
liquors for filtration, by running water on to the head of the tanks when full of charcoal, and the 
water by percolating through the mass and out at the bottom ts suppesed to perforin the necdtul 
wahing bor the further reviving of the charcoal st has been customary to convey it m trucks, after 
the washing process, to hilng heated by furnaces, in which are placed cither upright pipes or rotating 
eylindcra, into which whale yct wet the char, as it is tormcd, is made to deseend, and in which it 
indricd and subwoquentiy burned or culaned. When upright pipes arc used im those kilns they are 
necommarily of considaable size, generally of 6 to 6 man diameter if round, or 3 to 4 by 8 to 9 im of 
oblong, #0 that the charcoal, while yet wet and not im a condition to run through small nx rtures 
may not atiek in the ipa The con quence of using sueh a aizc of pipe ts, that before the red hent 
fiom the mdsa can reach the contre of the mass of char to make it red hot, it 18 compcled to travel 
through fram 14 to 8 in of charcoal forming the cxtorior portions of the mass, and owing to charcoal 
being a bad conductor and transmitting heat slowly, the exterior portions arc overburned before the 
suterior iw burned atall ‘Tht overburning of the char i very detrimental, and it carried to a great 
oxtent complataly destroys at, and fesh ehar iy required) | When rotary ovimders are uscd im 
ohareont! kalns they arc ninde red het, and as they rotute tho coarser or heuice portions of the char 
rol] constantly forward nm advance of the mass on to the red-hot surface, and ag morc or Jou aur cnters 
with the charcoal euch Oxposcd portions become deeubonized and spoiled Subsequently to such 
reeburntig, the charvanl is made to descend while yet sed hot into narrow sheet-aron chambers 
called coolera, where it bs cooled by the oxtcrior air unp nging on then outer surfaces, after which 1 
ja drawn off at the bettoar by tind 
acm plant for treating te charcoul, designed by Civorge Gordon, w shown in Figs 160 
O17. 
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Fig, 160 is a longitudinal section through the washing and boil: linder and ouw of the drying 
ayladers, together with an oxtertar end new of the centrifagal eee ie 
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On the Joft-hand aide of Fig, 161 is an clevation of the driving end, the right sido je a aration 
on the Ime GH of Fig. 160. Fig. 162 shows an elevation of the revereo ond with half tho centri- 
fugal sieve in section 

1 saa char washing and boiling cy hinder of a hexagonal form, and placed with ite azia horizontal 
and divided into three compartments A A, having ax Jagr plates B rumung longitudinally through 
each compartment On the pies are upnght ribs, x ¢ atan angle, as xhown im Fig 161 Between 
the plates and on the sides of the os Linder are short riba, placed so ag to throw the char from the feed 
end tuwards theexitend EE, Fig 160, are flanges dividing tho water space luto three oompartimonts, 
the flanges on the extrime loft of the figure bemg the highest cao flanges are sucecanvely 
reduced in hught, ao that the water may flow over each F 1a. feed nollor and belt on which the 
char cnters. G ig an adjustable feed, 
consisting of a serica of flat plates, hung 181 
on centre apindles between two atation : 
ary iron ende are a9 The fiat plates 
an connected at the bottom edge by a 
rod, by which the workman acts the 

lates at any anghk, # that the char 
willing upon them from the plates B, 
When the evlindcr rotates, may shoot 
forward or backward according to the 
time he msy diasire it to bk detained in 
the cylinder, this eslnder has bell 
nwuthe, for the exit of the char at om 
end and of the water at the other, 1¢ 19 
driven by a chain, and revolves on 
grooved rollers Jaton: end, and fat 
surface rollem,attheother The «he t- 
iron shoota Ko recuve th wet clar as 
it tantiew from the washing ant boling 
esviinder and con luct at into the ec nin 
fugal wiesc hoppers 

2 isa centritugal esc, consisting 
of an aonular perforated ring divided 
vertially throngh the centie by the 
plate M and revolving onthe shaft N ; ‘ 
ia meve i dined with porforated 1 4 
copper plite or wire ganze it is pro- 
Vide | with hoppers L, wha ho receive 
the wee char ancl retain at while the 
proviouscharze mdrving The hoppers 
are apen at the bottoms to allow the 
contents to drop into the sieve, The 
contriftggl sieve ois provided with 
amyers ©, aseitlating on a shalt 
vantust the char in the sieve when it 
requires to bo rmove PP ure apouts 
down which the char eo removed tall, 
nto the hoppem war he feed the drying 
Cylinder 34 The ¢ nerifagid steve 
Is provided with a stabonary outer cas 
to collect the water driven off from ths 
wet char, whith memilurtd away by 
awosk py t 3S dare drying cyhin- 
dirs, made in threes parta for cun- 
vintenceof casting and handling thea 
are plan cylinders cxterually, bat im- 
tcrnally ribaare east therein, being at 
afan angle of from thirty to sixty 
dogroes to a line drawn across the 
entre Through the contres of thew 
evicwlers is an adjustable food &, whach 
wsuplarinall respects to the adjustabl 
fiend de desenbed with nr fercuce to the | 
washing and baling cylinder 1. The 
cylinders 38 4 an provided with fed 
bopper Q, at the bottom of which are belts 7 7, rvelving on rollors oommeetad to the hoppers and 
rollers q’, attached to the adjustable fred ae shown in Jongitudinal section of cylinder 3, and to a 
simular roller, not shown, in cyhnder4 = T, Fig 160, 18 & dix harge apout for the char when 
dry The cylinders 34 are provided with a straght cylindrical mouthpiers, on which is kayed 
a epur-todbed whoel U, into which is geared the driver pinion, the mation thus obtained on the 
cylinder 3, us tranmmitted to the cy huders 1 and 4 byen endlias chain, Fig 161, working In chain 
Bmoves, from a pally on the cylinbler 3 to those on the other eyliniers The cylinders 3 and 4 
revolve on ved rollers at the discharge end, and on platn roller at the fe<dand The vapous 
create! in process of drytug ts removed by a pipe in each cyliodes, placed over the ford rolicr at 
the feed end, this pipe, V. enters the five, the draacht of which off the vapour. The exif 
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chamber, Fig 164 1s @ sectional plan of one Soto and Figs 170 and 171 also illustrate this 
liin Fig 165 an elevation of one of the retort bricks 

The retorts A are of fire-clay, but may be made of iron, with vertical chambers 2 in wide 4 in. 
long, in divisions or bricks about 81m. deep, The joining surfuces are grooved and ndged The 
topmost brick but one, Fig 163, 1s made with greater exterior dimensions than the rest, so as to 
fit together between the rctorts and to the liming walls of the kiln at B*, and to the roof bricks s 
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The topmost brick 18 made to reccive the cast iron hoppers D 
‘Lhe root of the kiln 1s formed by hollow firc-bricks s, which are 
supportid on the retorta The hellow brick 18 covercd by some 
non~onducting matenals f, and by the hollow cast iren plates u, 
Fig 170) Ihcreiwsa Img wall V of fire brick inside the outer 
wall of the kiln between the walla isa 2in space The whol 
top of the kiln, execpt the covering of the outcr walls, 1s carricd 
on the retort pipes and the ming wall so os to sccure cquility of 
shrinkage The furnace Gr 15 covered with fire tiles, which compcl 
the hcat to pass up between the retorts at the openings 2 into the 
fluc k, shicli traverses within the outer walls, three sides of the 
kiln ‘The coolers of ehict iron hang undcr the kaln, maidc the 
coolers 18 a water chamber fixed at top and bottom — Cast-i10n 
pieces m, into which water pipes are tappcd, permit cold water to 
enter at the bottom and exit at the top the water thus heatcd by 
cooling the char, 1s led away to the washing cylinder 1, Fig 100 
Instead of pipes, this witcr-chamber may be made of plate u n 
The bottoms of these coolers are furnished with slides, which 
open or shut holes in the bc ttom casting through which the char 
makes its exit these slides beng worked intcrmittently, and 10 
regulated as to retam the char in the pipes the required length 
of time calculated fur burning the char sufhucntly 
Figs 166, 167, are a section and plan of the vacuum chamber 
or acid bath tank, which consists of a plain cylindrical weasel with an opcning at the top J, 
through which the tank 18 filled JJ arc two doors at the bottom by which the char 1s taken out 
ain K 1s 9 vertical pipe in the centre of the tank with a perforated part p and a solid part K 
ternatclv, the perfora rt bung covered with fine wire gauze Inside of the pipe K 18 another 
pipe L, for the purpose of 1 filling up the space inside whin the acid w used M aro annular 
pipes, wh ch are perforated with fine holes for distributing through the body of the char an seid 
or alkahne bath, steam, water, or hot air N 1s @ vertical pipe through which these pass to the 
annular pipes, P 1s a branch pipe to which the air-pump 1s attached 
The general arrangemcnt of Gordon’s apparatus for trcating animal charcoal will be scen 
on reference to Figs. 168 to 171, which represent a portion of the char tank room of a sugar 
refinery, and a gencral plan of the structure contaiming the washing, boiling, and drying cylmders 
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and centrifugal draining sieve, the vacuum chambers and the re-burning kiln and coolers, together 
with the belts which connect the whole for carrying the char and the graduating apparatus tor 
first feeding the belt, all drawn to a scale of about 4 in to a foot. 

Fig 168 is a general plan , Fig. 169 a vertical section through the hne AB in Fig 168; Fig. 
170 a section through the line OD; and Fig, 171 4 section through the line KE F, is arrange- 
ment 1s suitable for a refinery where the char may require an acid bath frequently. 
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1 1 are two sets of washing and drying cylinders; FF are two vacuum chambers or acid 
bath tanks; 8 the re-burning kiln, / walls of a house containing the whole Be gtr 
§ is the chimney for the flues from both sets of washing and drying cylinders and the kiln. } iss 
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belt ing through the cistern room, which is loaded with char to a regular thickness bya lator 
loading table; the char is carried forward and falls off the belt into the washing and boiling 
cylinder ; when the belt is passing over the roller to return, the char is passed through the washing 
and drying cylinders, after which it is emptied into a box a, in the bottom of which the belt 6 
travels round a roller, The char is carried by the belt 4’ to the box a’ into which it falls while 
gas over the roller; at the bottom of this box is a roller over which a belt 6” passes; the char 

aaatn carried by the belt 6” until it falls into the shoots in passing over the roller at the top, 
and descends into either acid tank F, or on to the belt marked 6”, which feeds the kiln 8. After 
the vacuum and the acid bath have been applied, and the surplus acid having been pumped or 
drained off, the char is taken out at the bottom and placed on the table a”, in the bottom of which 
is a regulating feed which loads the belt OC, which latter carries the char until it falls upon the belt 
c’, while passing over the roller; the belt c’ now carries the char into the second set of washing and 
drying cylinders, where the acids and salts of lime are washed out and the char again dried, when it 
falis into a box ©,” Fig. 169, from which the char is carried by the belt up to a box d, which is 
separated from a’ by a central division. At the bottom of the box d, the belt ¢ passes over a roller, 
and carries the char up until it passes over the roller and falls down a shoot on toa belt; over this 
belt are two dividers or scrapers e’e’, which cause the char to fall in se Nee quantities on each side 
of the kiln; the char having passed through the kiln, falls from the coolers on to belts f, under the 
kiln, which carry the char and let it fall on to the belt /’, this carries the char back to the cistern 


room. 
Figs. 172 and 178 are of an adjustable feed table for loading a carrying belt toa regular thickness 
of char. g is a hopper, having for its bottom a belt moved by rollers 9’, which are driven by a rope 
pulley g”; this belt has on its surface vertical cross bars, which catch the char and impel it forward 
until it drops on the carrying belt 4, shown in the general plan, Fig. 168. A slide z in the end of 





the hopper, above the belt, may be raised at the will of tle operator, so as to permjt more char to 
move forward with the belt than the vertical cross bars actually catch ; the fecd may also be regu- 
lated by diiving the belt-pulley g” faster or slower. 

Fig. 174 18 a view partly in section and paitly in elevations of two retorts, coolers, and acces- 
sorica as arranged by Buchanan and Vickess; the main object in theso retorts ix the carrymg off 
the gases ovolved by the re-burning, but they also burn the char very equally. 

a 1s an internal pipe with diagonal holes 6 for carrying off the gases formed during the re-burning ; 
¢, hoods serving to turn the charcoal during descent, to collect the humid gases climinated, and to 
keep tho holes or perforations 6 free for the passage of such gases into the pipe a; d is a pipe for 
conveying tho gases fiom the pipe a to the flue or chimney. The charcoal is fed through the 
ea e, and after bomg burned whilst descending through the retort ¢, is received by the coolers 
and delivercd to the measuring boxes g; 4 are steadying pieces for preventing the charcoal during 
descent from sticking between the retort and its perfo- 
rated tube ; the space for charcoal increases in tansverse 
section from the top downwards. 

Fig. 175 represents a longitudinal vertical section ; 
Fig. 176 is a trunsvorse vertical section; and Fig. 177 a 
sectional plan of a mode of traversing tho charcoal 
through the retort during re-burning, introduced by J. F, 
Brinjos, in 1867, The gencral arrangement of those 
retorts in the furnace is similar to that at p. 104 of this 
aa ret 

A is the body of the retort, and BB are the lon 
tudinal ledges serving as elevators, which are cast on the 4 
interior of the retort. CC aro inclined deflecting plates 
secured to the stationary shaft D, which is supported in 
@ central position by brackets E, at each end of the 
retort. F is a crank-handle fitted on to the outer efids of 
D, by which the position of the shaft, with its deflectin 
plates, may be readily adjusted to give the dosired peel 
of traverse of the substances through the retort. For this 
lg a renarelgetg | em wi habe having holes made 

erein, and the eo F is at any given position along the quadrant by the aid of a pin /, 

through the handle and inserted into one or other of the halag made to easive it. The sab 
stances to be treated are fed into the retort from a feeding hopper at H, and are discharged at the 
opposite end of the retort, either into a second retort, or into a volute cooler I, seen in elevation, 
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Fig. 175, and in plan, Fig. 178. The deflecting plates C, Figs. 175 to 177, are shown at th 
greatest angle, but 1f the shaft D be turned morse or less within Ke are of 90°, teak variatinn of this 
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with a horizontal plan be obtained, until by bringing the deflecting plates into « verticel 
Soeition. they would ooaas to ges deflectors, and would “fon the material to fall from the ledges 


76 ANIMAL CHARCOAL MACHINERY, 


B, direct on to the bottom of the retort, in which case there would be no progression. Instead of 
fixing the plates © to the shaft D, and turning that shaft in its supports, in order to vary the 
acting angle of the plates O, they may be himged to the shaft, and their angle varied by a longi- 
tudinal rod in connection with the series of hinged deflectors. 

The retort in Figs. 179 to 182, which relate to a method of re-burning animal charcoal, devised 
by P. T Goodwin, 1s constructed of caat iron, and 1 divided into two internal longitudinal chambers 
by means of a diaphragm of cast iron which 18 placed in the mtonor of the retort, 1f tho retort is 
made of a corrugated form, the corrugations form a series of Bathe extending the whole length of 
the retort, and the diaphragm may be fixed by being placed in two of the corrugations; but for 
ordinary work it is hold in position by means of sockets attached to the intcrior. 
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Fig. 180 is a front clevation of the apparatus, and shows the mode of driving a pair of retorts; 
Fig. 179 is a longitudinal vertiwal scotion of tho same taken through the centros of the retorts ; 
Mig 181 is a back end elevation ; in these figures the rotorts are represented as completely mounted 
a in working order. Fig. 182 shows a transverse sectional elevation of the retort and division 

a 


te. 

A and B are the upper and lower retorts placed horizontally, and are surrounded by brickwork 
C OC, a clear space cc being left round both retorts, for the free circulation of the flame and products 
of combustion from the furnace D, which escape by the flues E E, into the main fiue F leading to 
the chimney. The retorts are carried on antifriction rollers GG, which are supported by frames 
HH, fixed to the columns H' H. The main shaft J J is carried in bearings K t supported from 
brackets fixed to the columns H’ H; this shaft is actuated by a steam-engine, and revolves in the 
direction of the arrows; Z is a mitre clutch-whvel for communicating the power from the main shaft 
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J to the mitre-wheel Z’, which is keyed on the spindle of one of tho rollers on which the retort or 
cylinder rests; a rotary motion being given to the roller causes the cylindor to revolve; g a he ae 
179, 180, are small cog-wheels keyed fast to the spndics of the rollers GG. An endless flat 
chain communicates the motion to the rollers supporting the bottom cylinder. The cylinders 
revolve in the direction of the arrows, and the speed of working may be vaned as desired. 

retort is shown with grooves M M, Figs. 179, 182, cast on the interior and extending the entire length, 
in which are fitted loosely a number of diaphragma, N N; these have projections cast on both sides 
nn, so that when a rotary motion is given to the retort, they turn over and agitate the charcoal, 
and frum the shape of the projections cause it to traverse from one end of tho cylinder to the other. 
The dotted lines show the relative position of the projections on the opposite sido of the plate. The 
retorts are provided with end plates P. A fi a hopper o 18 fitted loogely into the end of the 


cylinder A, and 1s connected to the charging floor R R, bys pipe. O 1s a foed valve, shown closed, 
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for lating the supply of charcoal. The charcoal, after traversing the top cylinder, is discharged 
through ite bopper g Which is connected to the bottom feed hopper T by a pipes. The charenal 
then gare through the bottom cylinder and is discharged through the opper U into the cooling 
box V, which is provided with sliding doors at the bottum V'V’. U' is a sight-glass fixed to tho 
hopper for examining the charcoal while being re-burnt. <A pipe Y 18 fitted to the top discharge 
hopper 8, for the purpose of carrying off the vapours or gases, and also the dust and finer 
particles given off during the proceas of re-burning, these being taken into a chamber, where the dust 
and fine particles are deposited. d is the fire-door, and d’ the ash-pit. The division plates N are 
@o arranged in the cylinder that there is an open space between cach, | The retorts may be used 
singly instead of in paira, but the latter is the preferable mode of arranging them; the top cylinder 
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acting as a drying cylinder ensures the charcoel being thoroughly re-burnt in the lower, whilst a 


mak of fuel is effected. 
183 is a section of a pair of revolving retorts with Fletcher's arrangement of fittings; Fig. 


184, p gk of retort; Fig. 185, croas section of same on line O D of Fig. 184. 
183, 
WU Le ccc delddddlldddyes, 
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Two longitudinal cast-iron fiat bara BB, of nearly the same length as the retort A, are fixed at 
& short distance from its sides by means of cross pieces, so as to leave a space between their outer edges 
and the inner sides of the retort. One side of each of the bars BB is fitted with a series of pro- 
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jecting pieces CC, pitched at equal distances apart through the whole length of the bars and at 
right angles to their edges. These projecting pieces are inclined in the direction of the length of 
the burs BB, their lower parts being nearer the discharge end, and their upper parta nearer the 
feeding end of the retort, and serve to propel the cliarcoal under treatment. The bars BB ore 
each provided with a longitudinal flange D D, of the same height as the projecting pieces and fixed 
to one of their edges, the nearest to the side of the retort, so as to leave a space between the flanged 
edge of the bar and the retort, for the passage of the charco.l, the other edge of each bar being near 
the centre of the retort. The bars BB are fixed at equal distances from each other, and at such 
an angle that when the retort revolves, the bara BB alternately take up « portion of the charoual 
which enters the retort at E, and retain it until they rise sufficiently to make it fall, by its own weight, 
on to the back of the other bar, when it will be distributed over the surface of the retort. At the 
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same time the projecting pieces enter the charcoal and carry it forward to the discharge end F, 
where it is discharged a the hopper I, into the retort beneath, or into the cooler or receiver, 
as the case may be. The distance to which the charcoal is advanced and tho quantity advanced 
varies according to the angle and height of the projecting pieces. For the purpose of dischargin 
the charooal after it has been brought to the lishaige end of the retort, scoops G, Figa. 183 and ist 
are fixed to the end plate H; one scoop only or more than two may be employed. The plate H is 
fixed to or forms part of the retort and revolves with it; it is fitted in ite centre with a discharge or 
hopper I, round which the retort turns, This rat consists of a cup or receiver ¢ projecting into 
the retort, and of a circular form where it fits into the end plate at j, and of a pipe J of a rectangular 
form outaide the end plate. The charcoal taken up by the scoops G falls into the cup 4, then 

down through the pipe J into the retort below it, or if this be the lowest refort, into the cooler, 


char, before it enters the receiving hop 


which the horizontal tubular junction, or suction, p 
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of e-layer, Haas ts Beets Sir gnenakng, ave been proposed Sohn Denton, and 
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per L, at the base of which, betwoen the brecches pipes M M, 

is asbut-off flap valve /, with a handle for working it, N N are the covers or end pieves for enclosing 

air-tight the retorta, O being the shafts or axles rotating within the retorts, at one end of each of 
ipos are shown connected with the 

whilst at the opposite end of each shaft are the mitre bevel-whecls P and P’, the latter being mounted 


upon horizontal shafts K R, which together with the hollow axles are carried in brackets 8 


receives the char di 


rt of the framing projecting from the uprights TT. U is a horizontal air-tight trunk, which 
a clad fem the finishing end of each of the threo lower retorts through the 


trunks V. Conneoting at the opposite ends of the retorts connect the upper with the lower 
series. 

















fiat 
le be 
mid natn ie u 
: ASP, 
ae Tr oie gta paaenc es Fe t 
ca : BE AT Ae coe at ‘ 
ui SAAT Pee sa fa tnaverre hae 
. & Rated ‘ Pua ede ea! “SS ie oe 
ic 2 Asi Oen ae e a Ane LR RT By ey gt ee Pd : Teg™ 
ni PL ey pee Pay AS oe ; oy , Wy 
ya ce ie ue Bae etait tan “ha Lr pie ae t re 
ms 1. j 
iuamchedode de Ns re 
_ bar ; et ? b n pons wh c it ig! 


. pfout. rae 
- 4% i ii wh + 


we de Bal 


vt 


Be 


"yy 


= 


SSS 


Sy 
Be 


We: ey) 
Ah 


LACIE SRE ALE CIEE OIL Ce DEE 
ee EL A OR ed 
LLL OLD RO LIS LIM WEEE, 1 
ELLE GMT: OLINGER CREE BI, 
i LEE LE LOLOL SECM 
RSE WG VION: EXIM TABLES CLS: TEES UIE I 
"ZN a eM ON BT Td ca ME 
Di SS RID UTE MED GLO) CES OME A I 5 HERES 
NNO Ne WAM OM LET KC ONE 


a\t 
ae 


ISLE WOR LDA ET CIR Oa Tet Ta Wikia i aes \ 


is r. 4 r Ne Dy 
1 COS, CIE ME, Nee 
; Phas ones iy ae ir . “y tf ree ” Boeke tee =| fe - 
TAP ian 7) HH AD A Mi Car, ae) Pid ‘ s TF, 7 Feta 
oe NOES, Pi x Paras? Wt yah tay o aS 








ANIMAL CHAROOAL MACHINERY. 


82 








wa 


BEIOSE RAH VTA SSS ANS SANS SERRA See SRA AAR Rlcceets SRA SAN SAAN ne | ast hen xO 








a = 


i. fi —— - En ie. —S Ee 


tan ky 









WAS 








ANTIMONY. 88 


ig. 190 illustrates a convenient arrangement of the kiln with the apparatus for washing and 
pari the char by the humid process, as a treatment p@paratory to the re-burning, and tho 
arrangement of these apparatus will be readily understood by reference to the Figs. 186 to 189. 
Fig. 191 being a plan of the left-hand portion of Fig. 190. 
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Within cach retort, is placed a shaft or longitudinal axle capable of being rotated or revolved, 
having upon it a serics of vanes or wings arranged spirally like an endless screw, 80 as to move the 
charcoal furward from the back or nociving ona of the retort to the front or delivery end. 

The shafts O are oarried in bearings, provided in the covers through and from whieh they project, 
and on one end they have a worm wheel. 

The shafts are formed of iron tubes with perforations along them; the driving end is plugged, 
and the opposite end has a stuffing box in which it is free to revolve, connected with an exhaustor, 
and through thie the vapours and gases given off during the heating and the re-burning of the 
charcoal are drawn off, collected, and condensed. 

ANTIMONY. 

Antimony ores are generally treated either to obtain crude antimony or a regulua, other pre- 
parations of antimony in the market being bye-products of manufactures not interested in the direct 
extraction of the aidal: Crude antimony or sulphide of antimony, 8b,8,, results from the liquation 
of grey antimony ore, or stibnite, the residues consisting of the ganguc, chietly quartz or silicate, and 
containing, after the process of liquation, a high percentage of antimony. The more crystalline is the 
surtace of the metal produced, the higher will be the percentage of antimony in the residues, a fact 
long known to metallurgists, but cluding their skill to obviate. The following experiments byC H. 
Hering, of New York, have been attended with some suceoss, on the large seale, in the reduction 
of the percentage of metal contained in these residucs. 

Antimony ores may be considered as j;— 

Rich orcs, containing more than 90 per cent, of sulphide of antimony, and ground, for puint, 
without treatment. 

Laquation ores, with 45 to nearly 90 per cent. of sulphide, in nut-sized piccos, used only for 
manufucture of crude antimony. 

Smelting ores, having the same percentage, and obtained by hand sorting or by dressing. Ina 
powdered state there are roasted in a reverberatory furnace with reducing agents, and used for the 
manufacture of regulus, 

Washing ores, low grade ores, which are dressed. The high grade matcrial obtained must, on 
account of 1ts fine state, go to the amelfing ore. 

Metallic antimony may be directly obtained from grey antimony ore by the ae sia process 
by smelting the ore with metallic iron, and gencrally with an addition of Glauber sults and 
nome charcoal powder. In practice the quantity of iron added is generally not morc than 40 parts 
of iron for 100 parts of sulphide of antimony, because in smelting a mixture of sulphide and sub- 
sulphide is formed, and because an alloy of antimony and iron is easily absorbed by the metallic 
antimony. Great care must be taken in adding iron if the ores are impure and contain either lead, 
copper, or arsenic. The following is an anulysis of the material worked ;— 
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The first attempt to manufacture metallic antimony from the residues of liquation, on a small 
scale, was made by smelting in a crucible in a wind furnace, the charge being ;—10 Ibs. residues, 
3 Ibs. puddle cinder, 4 ibs. soda, and 50 Ibe. charcoal powder. The result was, 1°12 lbs. metallic 
antimony and 3°32 Ibs. of sulphide of iron. The antimony was very pure, and it sparated easily 
from the sulphide of irun. In consideration of the chemical constitution of the residue of liquation, 
it is necessary to calculate a charge which will easily yield fusible slag in smelting, obtained by 
increasing the quantity of puddle cinder, an analysis of which showed ;— 
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It follows from the anelysis of the residues from liquation that to attain the object in view Bde 88 
well as FeS, must be decomposed by iron. Assuming the products to be metallic antimon and FeS 
the results of this decomposition are 6°088 parts of sulphur, which for the formation of FeS require 
10°654 Fe to be furnished hy the puddle cinder, an amount contained in 18 parts. 

In the following tablo line ITI. contains the sum of I. and IL.; in IV. the metallic iron, as well as 
the oxide of iion in the puddle slag, is calculated as protoxide. Similarly the entire amount of iron 
in the 18 parts of puddle cinder m 4 has been assumed to have been reduced to metallic iron. 
From III. it will bo seen that the oxygen of the acid exceeds the oxygen of all the bases by 29-753 
parts. This oxygen could only be covered for the formation of a mono-silicate by about 350 pes 
of puddle slag, or by 200 ng of limestone. Such an amount of flux would be enormous, and the 
addition of limestone would be impossible, because a very high temperature would be necessary to 
fuse the slag. Experience has taught that slag with numerous bases, such as alumina, protoxide of 
iron, limo, magnesia, is fusible even as a bi-silicate, when the alumma does not predominate, provided 
the amuunt of the othor bases is six times as great as that of the alumiua. The following charge 
may be recommended ; 100 parts of residues, 150 parts of puddle cinder, and 40 parts of limestone. 
Or, 100 parts of residues, 140 parts of puddlo emder, and 40 parts of limestone. 

Tho furnace worked regularly, the smelting zone remained in 2 props: pines, tho top was cool, 
and the fumes were thin, blackish, but became glowing red as soon as the charge sank 14 ft. below 
the top. In the latter case sulphide of antimony and some oxide of antimony were sublimated. 
Tho product obtained in the first experiment was analysed ;— 








Slow Smelting. Rapid Smelting. 
Tron «sos 0s ce te eee 4B 60°24 
Antimony... eae we 2799 81°44 
Bulphur 1.04. oe uke we) GGT 8°03 
Total ..  .. . . 98°91 99 71 


When tho amount smelted was considerably increased and finally doubled, products were obtained 
holding from 40 to 61 per cent. of autimony, The spciss, or partially reduced mctal, grew richer 
m antimony the more rapid the smelting. 

The product of the sccond tap of the last experiment was taken from the mould too carly, so that 
a liquid ie flowed from it. Atter chilling it was brokcn, and it was thon found that the mass 
which had been liquid possessed physical properties ditfermg from those of the solid disk. Whnlo 
tho formor had the appearance of a nickel spc iss, the fracture of the Jatter was hke that of fine-grain 
pig iron. oo cavities wero fillkd with a large number of thin bluish crystals. Both products 
wore examined ;— 








Not Crystallized Cry st llized 
STON: ko de> eas SR oe a we “B18 45°88 
Antimony... ..  «. «© « « 46°76 46°13 
Sulphur .. .. .. . . « 8°81 9:03 
Total .. .. «. « 100 69 101-04 


Tho residues of the manufacture of crude antimony may be smelted for regulus in a blast 
furnace, if the dimensions of the furnace and its appurtenances are well selected, and the charge has 
been mado go casily fusible, that at least 14,000 lbs. of residue are put through it in twenty-four hours. 
In this the product will be a regulus of antimony separating easily from the sulphide of antimony, and 
murine only refining in a crucible. The work will prove easier, simpler, and cheaper if products 
richer in autimony can be added to the residues, Tho following method may therefore be proposed 
aa ono practically valuable for working residues from liquation. 

Tho matcrial is first smelted in a blast furnace 8°8 ft in diameter and 20 ft high, as the 
stuallest dimensions admissible. The inner furnace space must bo cylindrical, and the blast must 
bo conducted mto it by several tuyeres, at least three. The diameter of the nozzle must be so 
chosen that 500 oubic ft. of air are blown in at oa pressure of 6 in. of water. This will permit 
the reduction of 14,000 Ibs. of reaidues, with the corresponding amounts of fluxes, with a con- 
sumption of 14 per cent. of coke. The loss of metal will amount to less than 10 per cent, but 
condensation chambers are absolutely necessary, because sulphide and oxide of antimony volatilize. 
It would aleo be very advantageous to collect the molten materials in a movable hearth. The 
labour necessary for working the furnace during twenty-four hours would be; 2 smelters, 2 helpers, 
2 chargers, 2 machinista, and 2 labourers for moving materials. The consumption of fucl for the 
generation of steam for 10 eral would be about 800 Ibs. at a maximum. 

The crude regulus Pee by the blast furnace contains more or less iron and sulphur, 
and needs refining. sample of the raw regulus is taken and examined for the impurities 
nientioned. According to the amounts present the addition of grey antimony ore is e, and 
after mixing with sods and Glauber salts, the raw regulus is smelted in a reverberatory furnace. 

The refined regulus obtained is, according to circumstances, submitted to refining in a crucible. 
This soa Aa done dirgotly with the raw regulus if its impurities do not exceed 2 per cent. The 
wlphia broken pel ge and charged with cinder from refining. If the iron predominate, 
sulphide of antimony alone are added ; if, however, sulphur is tin latger amounts, 
potesh and antimoniate of antimony are the best fluxes. The characerlsis atat of the antimony 
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cake, cast after refining, shows the fineness, and consumers can safely judge the quality from this 

FO) . ; 
Geryata local circumstances, as bigh price of coke, or absence of motive power, may make 
working in a blast furnace too expensive. In places so situated that niente or peat and wood only 
can be ubtained, a reverberatory furnace is to be recommended, with gas firing apparel and 
a condensation chamber. The charge should materially differ from that for the blast furnace. The 
fluxes require to be very readily fusible, so thet the charge would soon be covered by a glaze, thus 
preventing any great volatilization of antimony. If such fluxes cannot be had the condensation 
apparatus must be very oxtensive. By firing with gas it is possible to obtain diroctly saleable oxide 
of asi OD The autimoniate of antimony settling near the furnace proper should be reduced to 
metal by cual. 

Asialics inethod of extracting antimony is by the wet way with hydrochloric acid. Sulphide of 
antimony «dissolves so very re ily that any loss of metal caused by incomplete decomposition 
of the sulphide is impossible, The antimony may be precipitated by addition of water, and 
Kold or ee for motal; or by other metals, for instance, iron, or zinc, The formation of 
arseniureted hydrogen should bo carefully avoided, as it is one of the most violent poisons. The 
electrolytioal method of reduction may be employed, on account of the high atomic weight of the 
antimony. T'he formation of explosive antimony takes place under certain circumstances attending 
reduction by electrolysis, but iq not dangerous. One disadvantage of the wet method is the gener- 
ation of sulphureted bydrogen in dissolving The latter might be used for precipitating the antimony, 
the apparatus being similar to those employed in removing arsenic from sulphuric acid. 

ANTES AND AXLE BOXES 

The axle of « carringe, whether for road or rail, is one of the chief structural parts, as upon its 
strength depends the safety of the whole superstructure, and upon its freedom of working the 
economy in draught. In any device for making the wear safe and economical there remains the 
fact that the uxle has to beur tlo weights of the carriage and the load, and that arrangement of 
axle aud box will therefore be the best in which the greatest strength and freedom from wear is 
given to this pat. The following a’e some of tho most genc rally adopted systems :— 

J.N. Smith, of Jersey, America, employs a universal or ball joint used between the liming or 
bearing and the saddlo, one of the « bjects being to provide for the introduction of these axle boxes 
into the pedestals now in use. Fig. 192 is a front view of axle box and oiler set in tho jaws of a 
pedestal of a car truck. Fig. 198 is a vertical section. Fig. 194 is a vertical section of the housing 
and contents. Fig. 195 is a vertical cross section. A is a pedestal of the common forn, fitted by 
drilling holes for the bolts a «a, which secure the brackets B B to the pedestal, The brackets BB 
are so formed as to leave a slotted way between them and the pedestal for the flanges on the 
slide or saddle C to slide up and downin. The slide C is open at the bottom to admit the housing 
D, und has a spherical sent ¢ in ite under side to receive the ball @ on the housing, and 
form a ball-and-socket joint, the housing being free to follow the motions and direction of the axle 
in order to avoid cramping and bearmg. To provent the thrusting of the housing out of the 
pedestal by any sudden and excessive side swaying of the car, lugs or projections are provided 
on the sides of the housing, which come in contact with tho side of the slide C at f as soon as the 
ball d leaves tho sockot ¢, bY which the motion of the housing in this direction is confined within 
the limits of safety. Should sudden derailment of the truck occur, the housing is prevented from 
leaving the pedcsatal by the ledges or sides f of the slide C striking the tops of the plates yg, which 
form part of the brackets BB. 

Instead of this provision, the brackets B B are sometimes extended downward, and form hooks 
Ah, which will catch tho bottom corners of the housing, and keep it in the pedestal. Swells 
or ridgos +i aro formed on the inner faces of the brackets B B, to permit the housing to swing 
slightly around a vertical axis, passing through the centre of the ball joint, and at the same time to 
prevont its swingiug or turning around the axis of the journal. The strap E is cut away between 
the jaws of the pedestal, obviating the neces:ity which would otherwise exist for its removal. The 
bolts aa are kept from unscrewing by the lock washers jj, which are simple sheet-metal washers 
having projecting portions on their edges, one of which projections is turned up against the bolt 
head, und another down around the corner of the bracket B. Inside the housing at the top, afd 
reating upon the journal in the usual manner, is the bearing FF. This bearing is of any suitable 
lining metal, and is cast in # cast-iron shell G, having pins or studs 44 on its inner surface, which 
incline towards ench other, und lock or dovetail the bearing to the ahell or backing G. 

When the bearing F F is so far worn away as to require renewal, it is removed and melted off 
from the backing, and a new one cast in its . ‘To facilitate the removal, a slope or incline 
His cast on tho bottom of the housing to receive the head of a lifting jack. On operating the jack, 
the incline H causes the housing to roll in the ball joint so as to lift the outer end of the lining 
above the button / on tho axle, and then a alight lift of the jack relieves the rear end or heel of the 
lining or bearing, when it may be readily removed, and another substituted for it. The journal I 
is supplied with vil from the bottom of the housing by an endless wick J, which is carried on a 
rocking K, to which it is secured by tho spring strap m. The pad K is held up to the journal 
by the vibrating frame L, in which it hus a bearing n, and it is kept from being julted off from this 
bearing by the spring o. The frame L is hung on trunnions pp, which rest in half-socket bearings 
@q formed in the sides of the housing, and are held in these bearings by the depending legs rr 
of the atopping bar M. The end of the frame L, which carries the pad K, is forced up by the 
downward pressure of the slide N on its opposite end. This spring slide N is attached to the 
stopping bar M by the bolt a, and is forced down by the spring 4 Hinged to the frame L is 
® jumper or feeder O. This jumper has one or more teeth or hooks on one side of it, which catch 
into the wick J when the jumper is thrown up by the jolting of the truck, and by means of the 
bis te of the jumper the wick J is pulled around. Not oaly is thus secured a plentiful supply 
of-cil to the journal, but alao the premature wearing out of the wick by the continual rubbing of the 
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journal upon it at one point prevented. The stopping bar M is supplied with oil by moana of an 
endless wiok P, which passes around a tumbler or clack c’ a0 han ya a slot in the Gating face of 
the stopping bar that it has a constant tendency to fall forward, acd carry the wick against the end 
of the axle. Attached to the et) ing bar by the bolt sis a jumper or feeder Q, having one or more 
' teeth d’, which catch into the P, when the jumper is thrown up by the jolting of the truck, 
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and by means of the weight of the jumper draw the wick around. This ensures an adequate su ply 
of oil to the end of the axle, and prevents the constant wearing of the wick in ono place, wiiteh 
would occur if the wick should not be moved. 

The opening at the outer end of the housing is closed by a sliding door R. When it ia shut it 
ig fastened by a apring bolt ¢, which shoots into a socket or recess in the side of the housing. 
Another socket is provided for the bolt to enter when the door is raised so as to keep it up, The 
door is packed to exclude the dust. 

At the end of the housing where the axle enters it the opening around the axle is closed by two 
dust excluding plates U and V, which are halved together at the centre, and fit accurutely around 
the axle. The edges of the plates in contact with the axle are cnlarged so as to form a ring of 
considerable width and thickness. The plate U is held down and the plate V raised, so as to keep 
them both in contact with the axle by springs, which are fastened at one end to the plates and 
at the other are held in notches in the sides of the housing. A flat plate or ng. having its 
u per edge ao bent as to lie closely against the housing and exclude the dust, is rivetted to the 

ate U. 
: In Fig. 196 the improvement is represented in its simplest form. By this construction the 
brackets are dispensed with. The momentum plunger L is tubular, to convey the oil raised by its 
ilo a to en desired. This tubular plunger is placed in a vertical aperture or recess in 
e 4 : F 

he place has sufficient weight to secure the necessary momentum, and to render its vibratory 
motions sensitive and effective it is partially or entirely porpories by a spring. Its upward move- 
ment may be limited by its upper end striking the top of the housing, or by lage or gi ym 0, 
Fig. 196, from ite sides, sliding in vertical grooves in the surrounding we!l or holder. 6 lower 
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end or bottom of the plunger fits quite closely, but so as to move freely in a well or barrel N, which 
extends downward from the stopping bar or other support into the oil reservoir in theaxle box. In 
the lower end of the plunger is a valve chamber, in which plays a valve of any suitable construc 
tion to allow tho oil to enter the plunger from below and prevent its cecape from the plunger. 
Thus whatever oil is once forced into the plunger by its sudden descent into the liquid below must 
be forced through the tube or passage of the plunger and discharged through a side pipe or spout 
near the upper end of the plunger. 

For any ordinary axle, W. N. Morrell provides grooves which are made to run cither sagonal’y 
or spirally from points from which the oil can be taken to the working parts of the axle, and a box 
or bush for the axle which, when tho wheel is in motion, revolves on the axle, Fig. 197. The out- 
side of tho large: end of the box or bush is screwed, or has a thread cut to receive a washer or cap. 
The smaller end of the box or bush is also screwed, or has a thread cut to receive another washer 
or cap. ‘The large screwed washer is placed on the axle behind the ordinary fast collar and the box 
or bush in the front of the fast collur and covering 1t. Tho washer is screwed on to the large end 
of the box or bush, packing being placed between it and the axle. By this means all the back lash 
caused by the wearing can be taken up; algo in a case of breakage of the axle in tho front of the 
collar the bush or box on which the wheel is placed is kept in position and cannot drop off. Tho 
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serewod washer at the aml] end is made taper, and 
by it the nave of the whocl 1s kept tightly fixed on 
the bush or box. 

A. Ovenbiuck, of Hemelingen, Germany, over- 
comes the evil ansing from the friction between 
railway car wheels and rails in passing round curves, 
and improves the means of lubneating the bearing 
or journal surfaces of such wheels and their axles 
by tho arrangement Fig. 198. The axles aro tust 
and the wheels revolve loosely on them, 


Fig, 198 iso vertical section of a railway wheol and axle. The wheol boss is forced into the 
wheel by hydraulic pressure, u wrought-iron ring being thon shiunk on. The nave is in front 
surrounded by e concentric caso, closed oil-tight by au end cover v, the space ¢ between this 
caso and the front purt of the boss formes tho oil-supply or centrifugal chatiber At the back or 
innor side of the wheel bogs there is anothor concentric, but smaller, casing, closed oil-tight by a 
packing ring forming joint with the axle, the space within forming the oil-collecting chamber 
The oil supply chamber ¢ and tho oil-collecting chamber are united, by one or more paseages 
slanting from the latter to the former. Tho collecting chamber is made s oping inside, increasing 
in diameter towards the opposite side of the wheel, and the slope of the connecting passe cB to the 
front or centrifugal chamber ¢, is made less than that of the oil-collecting chamber. The axle is 
formed with @ central chamber, which may be filled with a filter or fi tering appliance. The 
central chamber in the axle communicates by a aseage with a catch tubo fastened to the arle 
iteelf, or to a ring or disc screwed on tothe axle This tube reaches nearly to the test inside 
diumetor of the supply chamber ¢, placed in a vortical position. Its mouth is splayed in both 
ear of ee ‘a ns ieee it has also a catch basin + beneath the mouth sunameeiatin 
with tho intoror of the tu e cential or filtering cha: i i 
nk jure i be lbucate | g chamber is connected by several holes n wi 

To prevent the wheel froin running off, a diso is ecrewed on the outer end of 
sorow put through it for greater socurity to prevent the disc from akin lee The tes ee 
proferably a guu-metal facing whero if works aguinst the nave or its cast-steel bush. The oil is 
pupilio’ to the oil-aupply chamber ¢ by taking off the front cover ». This cover then is closed vil- 
tight. From the inner side of the nave, oi] eecape is prevented by a leather ring fitted to the nav 
and forming pa with the surface of the axle or with a collar. The axle has also a - 
between the leather ring and the journal; the groove is flat or broad at the bottom and with 
a sharp edge, the front side being vertical and the back sloping. Or, instead of a leather ring, & 
ring of lead, with a slight addition of antimony, may be cast on the axle, and formed with one or 
more erocres; the adge ee the = ear on this hard lead ring. 

_ The supply or centrifu amber ¢, has in its inner circumference i i 
directions. he object of ese is to ensure lubrication even at the slowest ni garde cari 
fugal powor is not sufficient to distribute the oil all round the inside of the chamber ¢, and thus 
enable the tube ¢ to catch it, The catch basin on the catch tube is a little wider than the 
receptacios, and of suitable longth. When the railway wheel revolves slowly, all the eight 
receptacles aro filled one after ancther when in their lowest position ; four empty themselves again 
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immediately, but the other four carry their oil up and empty it into the basin ¢ of the catch tube 
whence the oil flows into the tube and thence fo the ftoriog chamber. The filter oonsiata of a 
perforated tube surrounded by wire gauze and flannel. After it has been inserted into the central 
chamber in the axle the opening is closed oil-tight by stop screw. 

By these improvements there are sought to be attained a reduction of vibration, with its 
consequent molecular changes in the nature of the axle, whereby the metal becomes eryatalline in 
its structure, a primary reduction of friction of the wearing surfaces in contact, a seoondary 
reduction of such friction by the diminution of the vibration, and a consequent reduction in the 
wear and tear of rubbing surfaces. By the use of a soft metal bush in the navo the evil arises that 
this bush quickly wears larger in diameter than the bottom wearing surfuce of the axle, and the 
surface of contact between both is much reduced, and hoat and unduc friction and wear result. By 
the improvements described, the area of the weanng surtace of nave and axle are little reduced, the 
wear being  piehanceoend only in the nave. The proportion found most suitable is to make tho width 
of the axle bottom wearing surface about three-fourths of the diameter, and to make the length of 
the journal about two and a quarter times the diameti rat least The wearing surface of tho revolymg 
nave is formed with a hard surface, for which purpose it is bushed with a cast-stecl bush, or the 
nave cast on a chill, and afterwards, if roquired, ground true, the corresponding axlo journal part 18 
formed with a softer surface, for which purpose it 1s coated with gun metal, bronze, or other alloy. 
This soft metal coating is shrunk firmly on to the axle, and may further bo prevented from 
turning or becoming louse by the sct screw, preferably inserted cndways iu shaft und coating, and 
by a feather or key. Fig. 199 is 0 sectional view of tho coating. 

The journal of the axle is for about throe-fourths of its length turned ecccntrically, having its 
eccentricity towards the top, the remaining outer fourth part bemg concentrie with the inner 
shoulder of the axle. The coating of the axle has a flange inside, working ngainst the cast-stecl 
bush of the nave, and has the greatest thickness below, where the wear is greatest, and its outer 
fourth part is a ting, but the remaining three-fourths have the groator portion of the upper half left 
out, The holes from the central or filter chamber terminate at the cavity or space thus formed, and 
a plentiful supply of oil is maintained here. The wearing surface at the bottoin is only about one- 
fourth of the circumference, in order to dave unnecessary friction. 

Fig. 200 is W. H. Llewellyn’s wheel for colliery trams, This wheel is cast with an oil 
chamber a surrounding the nave or boss, the core from which chamber, after casting, 13 removed 
thiough openings cast in the side of the chamber, and which are subsequently fillod up with 
closing pieces leaded securely in position. The arms and rim are cast together with the chamber a, 
into which the oil or lubiicant 1s introduced through a hole, under which ww a trough-shaped 
space, in which is fitted an indiarubber thimble valvo d, which ig depressed by the oil cea 
spout when filling the chamber ato allow of the o1l entering, and which expands and closes tho 
hole ¢ upon the can bemy withdrawn, and prevents the oil escaping. 

The lubricant or ot] obtains access to the usual chumber, cast iu the muer periphery of the boss 
and surrounding the shaft or axle, through one or more orifices ) cast in the boas, and im which 
headed needles ¢ work up and down by the travelling motion of the wheel, and prevent tho 
thickening of the ol; this may also be effected by sponges, or by means of flannel or uny woolly 
substance placed in the orifices 4, and kept im position by tin clips, The needle ¢ is ins ried through 
a hole, which is afterwards closed by a hard plug of wood which rgulates the travel of the needle. 





Figs. 201 and 202 are of F. Partridge’s axlos and axle boxes for wheels of 
? N road vehicles, the improvements being mainly applicable to those axles well 
x ¥ known as old solid collar or Coiinge’s. The object 1s to secure whecls upon axles, 
NY EN that they cannot leave tho veliicle in case of breakage or other cause. Fig. 201 
is a view of a divided ring, formed by the two halves connected by an inter- 
mediate strip, so that the ring can be opened out to facilitate it being te 
into position after a wheel 1s upon the axle, but not fall on as when ready for 
running. This ring, which may be solid or unbroken, has a screw thread cut upon its smaller 
exterior periphery to engage mto a tliread in the inner pori hery of the solid or fixed collar of the 
axle to form the attachment of onc to the other, the ring being held rigid aguinst the frictional 
contact or action of the wheel by a screw stud. The face of the ring, from its larger periphery, 
abuts against the inner i the hub or nave, while it rotates upon the axle, aud acrves in a 
measure {o steady the wheel. 

The ierael peritiery of the ring is tapered or inclined for about one half of ita width, 
Fig. 202. This angled portion terminates in & horizontal part, which finds a lodgment or bearing 
against the horizontal part of the ring, so that the two surlacon the angled and the horizontal, act 
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in unison, and the wheel is prevented leaving the vehicle should the axle break from any cause 
outside the shoulder, where axles generally do break, consequent upon the length of spin 
of the free end of the axle arm, the fixed point or fulcrum being at or near the inside of the 
shoulder. The horizontal part of the axle box is also sufficiently broad for its inner periphery to 
take a bearing upon the axle shoulder, and this serves or assists to serve to steady the wheel upon 
the axle, the box being kept up close to the leather or other pucking washer by the ring. 

T. E. Dixon, of Chicago, has devised a means of furnishing a railway car axle, simply and 
cheaply conetructed, which shall revolve as in the present system, but upon which the wheels are 
loosely mounted, to avoid the torsion, or twisting and slipping, occasioned by running on a curve or 
irregularity of the track. 

here is forged near each end of the axle a bearing larger than those at the ends, upon which 
the wheel is slipped till it, strikes a shoulder raisod around the inner end of the bearing, and is 
retained in place by a nut or cap screwed upon the axle till it strikes against the wheel. Thus 
constructed, when there is no irregularity in either the wheel or the track, the wheels will not turn 
on the axle, but wheels and axle will turn together on the smaller bearings at the ends in the oil 
boxes, in obedience to the mechanical law that a wheel free to move on either of two bearings, 
one larger than the other, will alwnys turn upon the smaller bearing. When a curve or other 
irregularity is encountered, while the aime motion of the axle is maintained, one or both of the 
wheels will turn on the axle just sufficiontly to overcome the irregularity, 
instead of slipping on the truck as when fustened rigidly to theaxle. The 
ndvantages of having both the wheels loose is, that in turning a curve, 
while one of the wheels is pressed by the track so as to hug the axle 
tightly at the bearing, the other is Jeft free to turn easily. The wheel 
is constructed with a hub projecting upon cither or both sides, so as to 
give a larger bearing surfuce and bettor resistance to the effect of blows , 
and concussions. The nut or cap extends from the whecl down near to & 
the inner end of the outer bearing of the axle, and holes or grooves run ° 
diagonally through it or the axle from the oil box to the wheel. The oil 
escaping along the axle from the oil box is carricd through these passages 
to the wheel. In Fig. 203, the axle has the usual outer bearing E, and an 
enlarged inner bearnng C of double the diameter of tho outer bearing, and 
of suitable length to fit the hub of the wheel. D is a rim or shoulder at 
the inner end of the inner bearing C, with on elevation of 4 in. or # in. B is the wheel tuming 
freely upon the bearing C, and held in place by a nut or cap, which is screwed upon the axle, and 
prevented from turning by a screw or bolt passing through its sides into the axle If preferred, the 
ends of the hub of the wheel may bo grooved out, so as to fit over either or both the shoulder D 
and the nut or cap. The elevated 
shoulder D, and also the bearing O, 
aie of greater diameter than the body 
of the axle, thus, with tho least weight 
of iron, giving the greatest strength to 
the axle at the point where fracture 
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wheel carrying uxle or sleeve are 80 KAR WKN s 
employed, hat the lubrication of the Su \\S ee 
journal box from the oil reservoir ig 
accomplished to the exclusion of dus 
the drip oil collected. The journa 
box is allowed to oscillate in tho 
stationary axle tu conform itself to 
@ true bearing throughout acoordin 
to tho spring of the axle faediiead 
by the ie t of the carriage. An 
air-tight oil reservoir on the pedes- 
tal box is connected by a longitudinal 
and vertical channel and vibratin 
feed pin in the stationary axle with 
eee elas oo an soa = ; 
ight joint between the pedesta | : eS 

and stationary axle is formed by a cork EES SSSA 
diac, ‘washer and hollow eee plug. .stiliiessaaiaaeee ESS Se SSS 
The lateral motion is taken up between 
the nut and the stationary pedestal block. The rotating journal box bears by a central annular 
convex part and slightly inclined ends on the correspondingly shaped outer sleeve and ring to 
provide for oscillati g motion. The surplus oil is collected in a drip chamber by means of an 
annular rim or bead of the closing nut of the outer axle. The outer axle or sleeve is made of cast 
and wrought-iron sections combined. Fig. 204 re ta a central vertical section of this railway 
gt 3 axle, in which the stationary axle is rigidly connected with the spring or bearers 
B, by horizontal locking pinaa. The revolving outer axle or sleeve is made of a laterally con- 
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necting wrought-iron section with end lips and wheel catfying sections cast on. The journal box 
D revolves with the sleeve on the stationary axle, and is lubricated from an air-tight oil reservoir 
KE, of the pedestal box, the reservoir being connected with the journal box by a horizontal channel 
b, and a vertical channel in the stationary axle. The vertical channel extends above the horizontal 
channel, and feeds the oil by a vibrating spring pin to the journal. The contact of the feeder pin 
with the revolving journal box during the motion of the caniage keeps the pin continually in 
motion, and admits small quantities of air into the channels. and to the oil r pd eat The 
vibratory motion of the fecder pin furnishes mechanically a small air supply to the oil receptacle, 
and allows the feeding of a corresponding quantity of ol, which increases or de creases in proportion 
to the speed. When the carriage is ut rest the ol ducts or channels are filled with tho oil, but the 
air supply is discontinued, as the feeder pin 1s also ina position of rest, and supplies no air, 80 
that the oil is held suspended by the partial vacuum in the oil receptaclo and prevented from 
running out. The surplus ol of the journal box passes out through a closing nut or cap F, 
screwed to the sleeve and encircling the axle. An annular rim or bead of the cap F conveys the 
drip oil into a chamber or receptacle B! of the pedestal box below tho axle, from whence it may 
be drawn off bya serew plug. An onl-tight joint is furmed between the pedestal box and stutionary 
axle by a tapering cork disc and washcr f’, and perforated screw plug /, preventing tho o1) trom 
passing in or out between the pedestal box und axle. A loose steel collar or ring A is placed on 
the stationary axle between tle pedestal box and the revolving screw cap of the outer axle, to 
provide for the wear caused by the lateral motion of the carriage which ts tuken up between the 
pedestal block and ecrew cap at that point. The journal box Dis made with a contral convex 
part, and slightly tapering end. The outer axle o: sleeve rests on it by a corresponding annular 
concavity, and an outer ing, The sleeve and ring are arrang: d adjoining to the annulur concave 
parts, with slight outwardly inclined parts, which form, with the tapering ends of the journal box, 
narrow annular spaccs that provide for the oscillating motion of the journal box, when the weight 
of the carriage causes the springing of the inner axle ~The journal box 1s always im full contact 
throughout its entire Jength with the mner axle, and compolled to wear out evenly. 

Figs. 205 to 216 show a form of radial axle box desiyned by H. W. Widmark, of Bristol, and 
desenbed by him to the Institution of Mechumeal Enginecrs in 1877. These axle boxes are made 
with the curvilimear sides and girders, common to English practice, which allow of both lateral and 
radial motion of the axle, but obviates certain difficulties of construction and use, 

Each pair of girders G G, always cast in one pice, whether fixed to the mun frames of tho 
engine, a8 in Figs, 205 to 208, or to cross frames, as in Figs, 209 to 211, is distinct from the other, 
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and is bored to a cylindrical surface, the axis of which is in the same line as the spring. An inter- 
mediate guide or box 1 I, the outer surface of which is turned s0 as to fit easily into the outer guide, 
can have a turning motion round its axis, and also an up and down motion, as may be required 


by the elasticity of the springs or the roughness of the road. The sides of the inclined ) 
through this piece are planed, and serve as a guide for the axle box proper to work in. the 


outer and the inner guides have their lower forks connected by horned stays H H to preva springing, 

The axle box B has planed parallel sides, and is free to slide in a direction which 18 rectilinear 
and horizontal, but inclined to the axle of the wheels. The box at the opposite end of the axle is 
inclined in the opposite direction, as in Figs. 208 to 211; so that when the wheels and axles 
deviate towards one side in consequence of the curvature of the road, the axle is simultaneously 
set in an oblique position to the engine frame, but radsal to the road, one end being advanced in 
relation to the frame, while the other is drawn back by the inclined form of the axle and the 
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intermediate guides. Moreover, as the afftbs of the axle boxes are parallel agree and as there are 
no ea, the axle boxes are free to turn round @ horizontal axis which is at right anviee to 
these side planes. Thus one axle box may rise and the other fall in the guides, as required by the 
state of the road. This very necessary motion is prevented when the sides of the boxes form parts 
of circles, fitting to corresponding curvilinear vartiees on the guides; such boxes move freely only 
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when they both stand tho same height in the 
guides, but would be in danger of jamming and 
fixing the axlo if the oscillation of the engine, 
or the i larity of the road, made one box 
rise more than the other. 

Tn Fig. 205 is seon a frame with its guides 
in such an inclined relation to the wheels, axles, 
and radial axle boxes. In Widmark’s design 
cach axle box system becomes a universal joint, 
for there is a vertical turning of the mside 
guide in the outer guide, a horizontal turning 
of the axle box in the inner guide, and also 
the turning of the axlo box round tho axle. 
There 18, thus, no possibility of the axle be- 
coming jammed in the guides, 

As in this design the axle box travels in 
® direction which is rectilinear, it is easy to arrange inclined planes on the top of the box, and 
corre sponding inclined planes on a sliding piece J, Fig. 205, which is held by the inner guide, and 
takea the thrust of the spring. By this means an clastiaty is given to the axle, or a geval to 
come back to « central position when not ounsirained by the curvature of the line. On a straight 
line, the axle is locked by the inclined planes just referred to, so that it becomes parallel with the 
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other axles, whereby friction is prevented between the heels and rails; in this way the engine is 
leo steadied, the swinging action of the cylinders beiff prevented. One system of six inclined 
planes is shown in Figs. 205 and 208, and another system with but three planes in Figs. 210 
and 211. In the first, the inclined planes are entirely above the box, Fig 205, and are lubricated 
by separate oi] pipes and grooves; in the latter the inclines are placed over the box, Fig 210, but 
at a lower level, 80 as to be surrounded by the upper flanges of the box, and are always ummersed in 
& bath of oul, which is covered in and guarded from duat by fixed and shding covers. 
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In the Fig. 216, instead of the two ordinary indc nt axle boxes for the leading wheels, one 
on each side of the engine, there is only a single long axle box, in the form of a plan cast-iron girder 
A A extending from mde to side, and forming in plan a circular are struck from a point half-way 
between the driving and trailing axles. Two corresponding curved wrought-iron plates B B, bolted 
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to the engine main frames, encase the ed axle box at front and back, without any fitting, 
the space between the two plates B B g about } in. wider than the girder A A, which works 
between them. No fitting is required, and the axle box and plates have little wear, as a trifling 
slackness is of no consequence, for when the engine is ranning forwards the axle box presses against 
the front plate, and when backwards againet the other plate. An ordinary brass bearing is fitted to 
each end of A; and a spring pillar bears upon a plain footstep C, sliding upon a flat surface in the 
grease box or top of the axle box. The axle box being a rigid girder from end to end, the pressure 
upon the journals is not affected by the spring pillars sliding laterally with the engine frame, but 
is very nuch the same in any position in which the engine may be ona curve. The difficulty of 
lateral oxcillation is counteracted by putting side controlling springs. 

Thero is a centre stay across at D, this ties the front plate to that behind; and on each side 
there is a stay acrosa the axle box at E E, a bolt passing pole the three stays, the hole in 
the middle one is sufficiently large to allow of the play of the axle box. The bolt carries a puir of 
indiarubber buffing springs 8S on each side of the ventre stay, and these are regulated so that 
about half a ton lateral pressure against the wheel flange ie sufficient to throw the engine over 
towards either side to the full extent of the lateral movement allowed. 

Fig. 217 is of a practical method of fastening colliery tram wheels to the axle and means of 
lubrication. COCO are vil chambers, D D wrought-iron loose collar, S set screw closing inlet hole 
for vil, A wrought-iron collar welded on shaft. 

Figs 218 to 221 are of an oil axle box designed by E. Beuther, and largely employed on the 
Bergigch-Muerkische Railway and other continental lines. The muinu features are the drawing up 
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of the oil by capillary attraction 220. 


from below to cotton pads, 90 
hinged against the journal as 
freely to adjust themselves to it 
by gravity. The spent oil is led 
into a central reservoir below, 
where it can deposit its abraded 
metal] and grit. A cast-iron cover 
is fitted to tho box, which is cast 
with lugs to receive the hinges 
of the brass padholders, From 
-fuur slits in the back of each 
holder there hang down as many 
siphon wicks, dipping into the 
main resorvoir below. Any ex- 
cess of spent oil drops from the 
axle into the cen wrought- 
iron cup, which communicates 
with the main reservoir by holes 
at its upper end, so that it forms 
a separation of any impurities. 
The joint between the axle and 
the box is made by two separate 
slips of wood, fitting tightly on 
_ the axle, and made to bear verti- 
cally against each other by 
means of a small spring below, | 
so that all wear in the only di- 
rections, above and below, in 
which it can occur, is taken up. 
In a trial made to compare the 
economy of these boxes with those in general use, it was found that 38,943 miles were run with the 
consumption of three-quarters of a pint of oil, while the ordinary box used 3} pints. 

Blackburn’s oi] lubricator for grease boxes, Figs, 222 and 23, consiats of a flexible oil holder H 
filling all the grease com ents. It is formed. of a made of oil-cloth. This bag is con- 
tained within another of felt. From the mouth, a open by a coil of wire, there hangs down a 
capillary feeder, to which, when the carriage is in motion, the oil is shaken up, making its 
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way up this feeder to the enclosing felt bag, which acts as the long leg of a siphon H, and the 
capillary feeder as the short leg. The brass bearing Pis fitted wit wooden ota F for evenly 
spreading the oil, ora pair of long strips of felt may be let into the substance of the brass. The 
attachment of the fillets in the first case, or the sluts cast into the brass in the sccond, form the 
nt alterations required. These fillets are simply fixed by pins driven into a pair of small holes 

led into the edges of the brass. The flow from the reservuit only takes place whon the oil, by 
the motion of the carriage, is splashed up againat the hanging wick or shorter leg of the siphon. 
Waste is thus prevented when the curriagoa are standing. Another plan consists in placing a long 
felt pad inside the bottom of the box, and kept up against the neck of tho axle by a spring. Tho 
whole is slipped into the box ati a hole tapped for a screw, which then closes up the bai : the 
motion of the carriage and the capillary attraction of the felt keep up the supply. An objection to 
the first plan is the facility given by the flexible and removable oil verse) for pilfering the oil. 
This objection might be met by applyimg some adhesive composition to the sides, preventing 
removal without loss of time in the destruction of the vessel, which costs only a few pence. 

Fig. 223 is of Thomson's compressed wool und steol cushioned springs. These consist of a 
coiled steel spring, the central portion of which is filled in with wool highly comprossed. By this 
means the effects of concussion are reduced, 

BARN MACHINERY. 

Under this head is included some of those machines nocessary to agricultural purposes in, 
or in proximity to, the bern where the crop or produce of the land 1s usually treated, 

Threshing Machines.—A good example of an American threshing Machine is that made by the 
Pitts Works, Buffalo, New York, of which Fig. 225 ix a section. Hore A iw the foed-board, 1 tho 
drum, C concave, D_ gruin-belt, «d ends of supporting rollers, E beater, F picker, (4 straw-belt, 
N fan, O fan-case, P fine sieve, Q gram conveyor, K tailings conveyor, 8 guide-boards, ‘I’ sieve, 
m opening for straw, I. eccentric, ¢ straw-clevator. 





The workman who acts as feeder stands upon the platform », and spreads out the corn upon tho 
feed-board A, presenting the heads to the action of the pegs on the drum. Tho drum-axle is 
a solid shaft 17 in. diameter. The drum 1s 36 in. long with nine longitudinal bars, holding 
104 teeth, which project 24 in. from the face of the bars. The concave is made in three parta, 
with an adjusting screw. The tecth on the drum, as they revolve, pass close to similar teeth 
in the concave. Such portions of the grain as are not separated by the blows from the teeth 
on the first contact, are drawn with great force past the concave teeth, and thus the heads aro 
combed out. Nevertheless, portions altogether escape, as is shown by the delivery from the return 
spout. The dram revolves from 1000 to 1300 times a miuute. The drum pulley is 7 in. in 
diameter with 8} inch face. The grain and straw fall together on to the cenin-belt , an endless 
belt about 10 ft. long, com of stout duck, on which are nailed buckets of maple, 14 in. wide, 
with intervals of Ijin. The grain drops into these intervals and the straw rides on tho top, 
its progress being expedited by the action of the beater E, an iron shaft with four arms furnished 
with fingers ¢, driven from the opposite side of the dram-shaft, and making about 400 revolutions 
a minute. This is an important feature, preventing the clogging of the machine, which would 
otherwise frequently happen in the case of damp straw. The supporting rollers cc being hexagonal, 
give a jerky motion to the grain-belt, which separates any Inose grains lodged in the straw. The 
triangular revolving picker F, placed just sLove the end of the belt and between it and the straw- 
carrier, prevents the straw passing downwards with the grain, and assists its passage forward on to 
the straw-belt G, made of alata of wood nailed at short distances from each other to two leather 
belts, and ee endless ladder running over the pulleys, The agitator, a bar rockin 
on its centre, so that the ends shake the atraw-belt alternately, gives it a jerky motion whic. 
effectually causes the separation of any loose grains that may have hitherto escaped separation, 
and which now fall through the open spaces of the straw, or to the inclined board, whence they 
find their way to the shoe. The chaff is separated from the gruin by the action of the fan N; the 
grain falls h the screen T, on to the fine sieve P, wiich forms part of the bottom of the 
shoe, Weed and the like escape into a box, whilst the grain drops into pa ar coreyee 
Q, a trough with a revolving screw, and is discharged at the side. The cavings, which include 
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anthreshed or partially threshed ears, over the end of the screen T, fall into the convoyor- 
box BR, and are celivered by a similar ae to the rigs td which they are cariied back to the 
drum and rethr shed. A longitudinal motion is given to the nddle by means of the eccentne L. 
A light straw clevator is attachable to the end of the machine, a portion of which with the side 
fiame removed 18 shown at 2, this can bo fixed at any angle by a rope wound round a pulley, with 


a ratchet wheel and paw! to secure its position. 
Fig 226 1 « section of a machine of somewhat mmilar construction, made by John Abell, 


Ontario, which has some original features, The revolving grate D,a small wheel furmehed with a 





re 


sories of sharp sections, is for assisting the passages of the gram from the drum, and at the same 
tame acting as a rubber to separate whiteconts, This latter office 1s only, howe vcr, very amperfectly 
performed, and tho chief advantage of the grate is that 1t forms a convenient medium for 
transporting the grain from the drum to the buckets of tho carn r The latter 13, both ar to 
length and construction, very similar to the samo apparatus in the Pitts Machine, ouly the fra tion- 
pulleys that support tho carrier are round instead of hexagonal, thore 18 also v slight difference in 
the form of the boaters and pickers The picker G' makes about 1400 revolutions a minute, 
materially asaisting the transfer of the straw on to the 1akes, which travel at about half that pace 
and got a jerky motion from the blows of the agitator N', after the chaff has been blown away by 
tho fan, the grain reaches the compartment K, the base of the ginin conveyor, here 1t 18 partially 
rubbed by the arms of a sinall fan, which forces 1t upwards along a small clevator tube by which at 
is conducted to the sack’s mouth, the outlct being here sufficiontly high to allow of a mick standing 
om ht under it «The cavings fall ovr the end of the show to the base of the Clcvater L, by 
which they are conveyed back to the drum, by a clever arrangement of an angle pulley, shown by 
dotted lines at O, and chain gearing, the straw-clovator can be fixed at any angle, so ax to 
convey the straw from the machine in any direction from a straight ine toamght angle As far 
As ae winnowing process 18 concerned, this machine 1s similar to the single-blower English 
machine, 
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Walls and Steevens, of Basingstoke, have introduced a threshing machine, a 227, in which 
A 18 the feed mouth through wiiieh the unthrashed corn is fed into the ine. BB are 
adjustable mouthpieces for increasing or dvcreasing the mize of the mouth to surt different deserip- 
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tions of corn. C is the threshing drum, which has a steel apindle, wrought-iron head and rings, 
and either ax or eight beaters of ash wood, fitted with beater facce and plate-iron fronts, D,a 
concave breasting, is made entirely of wrought iron and provided with adjusting screws E, and 
the hinge F for regulating its distunce from the drum. G, casing behind concave breasting 
which carries the threshed corn as it pnsses through the bars of the breasting on to the upper shoe 
on the riddle-board L. H are the struw-shakers worked by the shuker-crank I, each alternate 
shaker being attached at either end to links J, turning on centres K. The shaker removes 
froin the threshed straw any looee corn which may be left in it. L isthe vibrating shoe on which 
the corn fulls from the drum and shakers. In this shoe is fived the perforated mahogany riddle M, 
which separates the short, broken straws, technically termed cavings, from the corn. This and the 
lower shve 18 driven by connecting rods from the riddle-crank N. O is the lower vibrating shoe, 
to which ia fixed the first winnowing machine P. Both shoes aro suspended from the framing of 
the machine on spring hangers Q.  P is the firat winnowing machine, in which are placed an uppor 
rforated zinc riddle, which assists the blast in separating the chaff from the corn, and a lower 
riddle for removing husks containing grains of corn. Beneath these is the spout § for conveying 
the corn to the clevaturs. In the bottom of this spout is a third riddle, not shown, for separating 
sinall seeds which may be mixed with the corn. T 1s the fan which supplies the blast of air to the 
winnowing machine P, Slides are provided to the openings in the centre of the fan through which 
the air is drawn in, and by these tho strength of the blast cau bo regulated to suit tho grain to bo 
threshed. By raising or lowering the hinged flaps U at the back of the winnowing machine tho 
whole of the chaff can be blown over without carrying corn with it. V is the elevator which carries 
the corn up and delivers it either into the barley-horner W, or direct into the second winnowmng 
machine, W is the barley-horner, the steel blades of which aro set at an angle so as to throw the 
corn out at the upper side of the horner-casing. By raising the hinge-valve X, by means of a handle 
outside the machme, the corn will then fall on the slope board Y instoad of on the valve, and so 
pass direct into the second winnowing machine. This arrangement is of importance, 18 sone kinds 
of grain and beans and peas would be injured by beng passed through the hornm. —Z, the second 
winnowing machine, which has a set of hard wood riddles for thoroughly separating from the gram 
any chaff, chobs, &¢., which may have passed the first wmnowmg machine, or have beon rubbed 
off in the passage through the horner. It is suspended on spring hangers and vibrated by a 
connecting rod fixed to the end of the upper vibrating shoe L. A blast of airis blown through tho 
winnowing inachine by a fan fixed outside the framing of the machine, shown by the dotted line 
behind the barley-horner. Kis a Penney’s rotary sereen, which separates the clown corn into threo 
raniples—best corn, cot tail, and small til. A brush keeps the rotary sercen cloan 
Rt. Garr tt and Son's threshing machine, Figs, 228 to 230, has the followmg principal fcatures, 
The blast sufficient for three dressings is provided by a single fan. This fan is attached to the 
drum-shafta, obviating the use of three separate tans with the accessory gearing, and cousequent 





Ions of power. The general arrangement isapparent upon inspection. A, Fig. 228, is the blast caso, 
othe regulating valve with its lever m, /is the spindle of the aviller or chobber, n is the lower 
valvo lever. Fig. 229 is a section on the line EF F, in which k& are the sieves, and j the regulating 
hand-wheel. Fig. 230 is a section through A BC D of Fig. 228, A is the drum, g the lower screen, 
and i; the aivves. 

Feed nq Gears and Drum Guard:.—Fige. 231 and 282 are of Ruston and Proctor’s feeding gear for 
threshing machines, « is a hopper or box containing spindles which carry a number of curved tines 
c. These tines are revolved in the direction shown by the arrows, by means of toothed pinions, motion 
being given from the shaker cruank-shaft {o « pulley p o the end spindle. ¢ is a wrought-iron 
plate, curved a0 as to deflect or turn the corn into the drum, and has a number o' notches in its 
upper edge fur the tines upon the end spindle to pass, which prevents any of the corn being 
returned over the spindles. f is the drum, 7 is the concave or breasting. The shakers to carry off 
the corn are not shown. The sheaves of corn are placed in the hopper at a. The bands havin 
been cut and the sheaf just looucned, it is reserve! immediately upon the first set of tines an 

H 
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delivered into the breasting g, where it is threshed in the usual manner, the straw being 
away on the shakers. By this system no loose grains of corn can pass to the 
unthreshed. 

290 








Figa, 238 and 234 are of Head’s self-fooder for threshing machines, which serves also as a guard for 
the drum. It is a combination of rollers placed in the vertical mouth of a hood. One is a six-sided 
or corrugated wooden roller, and is run at rather high speed by a strap. Above it and parallel runs 
a fixed shaft, on which are loosely strung a number at ieaey wooden discs about 10 in. diameter, 
covered with leather, A man could not get his hand drawn in between the rollers, because when 
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an obstacle in the disc rises and ceases to revolve. Figs. 235, 236, and 287 are of Clayt 
and Shuttleworth’s drum- . It consists of a combination of so that 
pressure being applied to either, both close simultaneously, covering the mouth of the drum. An 
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adjustable balance feed-board A extends across the machine and carries pivots aa’ mounted in 
bearings at a* in the frame A’. This is combined with a hood B, ng pivots bY, which are 

in the feed-board A and hood B being connected zo as to t of their working 
in unison in the wing manner. To the end of the pivot a‘ of the feed-board A is scoured a 
lever C, which is connested by a coupling rod D to one arm e¢ of a double-armed lever E, mounted 
loosely on a pivot b', and carrying on its opposite arm ¢’ a pin having a thumbscrew ec. The latter 
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serves for sec the lever E &rmly to a sector F' keyed on to the pivot 6’, and is provided with a 
alot c’, in which the pin of the screw c engages. By these means aleo the hood may be adjusted 
+ Daath the posi of the pin of the screw c without the een na man leaving the box, 
eg Naat closed in Figs. 235 and 237, and in thcir normal position 
in 


. 236. 
Chocking Blocks.—The simple and effective appliances of Cla: and Shuttleworth, of Lincola, 
hig aaineing the oe of portable machinery and for shocking the travelling wheels, are shown 
means of adjusting the position of portable machinery during work consist in saerner: 
H 
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ment at each end of the machine of a plumb line a, Fig. 238, by two small angle brackets 6 6', 
provided with vertical flanges cc for ment to the frame. 
The bracket 6 near the tup of the frame has a small hole, tapering narrower downwards, drilled 
in it for receiving the knotted end of the plumb line a. The lower bracket }' is attached near the 
bottom of the frame, and has a similar hole, larger than the one in the upper bracket, but 
concentric with it, so that a line drawn through the centres of the two holes will be parallel both 
with the upright of the frame and the sido boarding. The cord a is left sufficiently long for the 
bob g to be placed at rest in a hole cast in the lower bracket b' whenever the machine is 
travelling. ‘ 
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For levelling up tho travelling wheels when standing on uneven ground, o pair of wooden chocks 
or wedges are placed under the tire of the wheel which requircs raising, and these wedges are 
drawn towards each other by suitably arranged hand-levers. 

In the modo illustrated in Figs. 289 and 240, and on the left-hand side of Fig. 288, a shaft is 
employed moving in bearings in the wedge B, and having a crank at each end, anda lever D 
formed in one with the corresponding crank, and projecting in a direction opposite to it. The 
cranks are attached y hooks, which they 


carry, to two chains FF, affixed one at 239 
each side of the opposite wedge B'. 
When the hooks are to be attached to 
the chains the lever TD is placed in the 
sarah indicated by dotted lines in Fie. 
39, and the hooks having been each 
caused to engage with a link of its cor- 
responding chuin F, the lever D is pulled 
towards the opposite chock B', the cranks 
thus draw on the chains FF, and cause 
the chocks B B! to approach one another, 
thereby raising the wheel G which is 
lnoed eldahery fig On bag 
ing return its origina ition, 
shown by the dotted lines, ths chiang 
FF slacken, when a fresh link may be 
placed on the hooks of the cranks, and 
another pull given to the lever D. This 
process 1s continued until the plumb line 
on the machine coincides with the centre 440. 
of the slot of the lower bracket, when the 
lever D is secured in position by means of a shurt chain H and hook at its ond, which is inserted 
in a link of one of the side chains. The chocks are reversible as shown, with their two ends 13! of 
similar form, so that when the end ¢ is worn the other end 1’ may be brought into use. 
A modification of this is shown in Figs. 241 and 242, and on the right-hand side of Fig. 288. Here 
8 loose forked lever D' is employed, having a fulcrum-pin projecting inwards from the end of each 
branch / of the fork, and another pin with enlarged head projecting outwards at a short distance 
from each fulorum-pin. Tho fork ¢ embraces the chock B, fitted with a metal fulcrum-plate on 
each side, having « series of inclined rows nn'n® of notches with which the fulcrum-pins in 
the forked lever D' engage successively. The outer pins are connected at one end to the 
chock B', and provided at their opposite ends with a series of holes pp, into one or the other of 
which, according to the size of the wheel, the corresponding pin is inserted. 
In working with rapa au the lever D' is first placed in the position shown ay te dotted 
lines in Fig. 241, with fulorum-pin engaging in the top one of the notches of the inclined row 
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n of 1ts correaponding folcrum-plate; the lever D' 1s then moved downwards in the direction of the 
arrow until it 13 brought into about a horizontal position, when the chooks B B are drawn r, 
after which the lever D' 18 raised to ita former position, and the fulcrum-pins are dropped into 
the next lower nutches, the lever drawn down again, and so on, until the pms reach the lowest 
notches in the respective rows, the lever 1s then lifted entirely out of that row, and the fulcrum-pins 
are dropped into the highest set of notches of the row n! next behind, and the prcveding opera- 
tions are repeated, after which, if necessary, the notches of the inclined row n* may be brought into 
use, the lifting bung continued until the plumb line a coinendcs with the centre of the hole, or 
with the point of the lower a agle bracket 6! 


241 “ 





In order to allow of the shifting of the lever from ono row,of notches to tho other, tho side rods 
F" are each provided with an elongated loop, fitting loosely on a pm, which curves upwards 
from each side of the chock The forked lever D' 18 prefcrably constructed in two parts for the 
sake of conycnience The forked part 1s provided with a sockct for receiving a plain straight iron 
Icver D! of any required length, which 1s secured by a pin 8 passing through holes in the sockct 
portion and the lever D' ‘This pin 1s attached to the tork by a short chain, and aftcr levelling 
up a wheel, and withdrawing the Icver fiom the fork, the pin 1s mscrtcd in one of several holes 
bored in one aide of the chock B, to enabk 1¢ to support the fork 1n 1ts proper position with the fulerum- 
pins and crank pins in a lino with the rods F!, m which prsition there 18 no tendency for the lcver 
to riso by the stra due to the wight resting on the chocks, the cranks being then 1n tho dead 
point 

For withdrawing the chocks from the wheels readily the chock B 1s formed with a narrow mor- 
tise on the top close to the tire of the whee) This is lincd with iron for the purpose of receiving 
the handle cnd of the levcr D', which 18 curvcd, so that when tho pomt ontcrs the mortise the 
back of the curved part may be pressacd against the whecl-tire for withdrawing the chock 

Corn Dryer —Figs 243 to 247 are of Davey Paxman, and Co's corn-dryer It consists of a 
long cylinder, contaming sc veral internal cylinders The cylinder B cxtends from end to end, and 
1s formed with tapering ¢ ud-picces, which terminate in trunnions, one of which carnics a spur-wheol, 
and 13 caused to rcvolve by the punon = Stcam 1s admitted ito this cylinder by the pipe G, passing 





out through H = Outmde the cylinder B are 8 number of perforated beaters D, arranged spirally, 
and having brushes which revolve in contact with the inner mde of a larger cylinder This latter 
forms en annular chamber, into which steam is admitted Aur 1s admitted to the outer cylinder K 
In the annular space formed between the cylinder B and 8 a blast is admitted from the fan I, and 
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meets the corn as it advances through the machine. The corn {s fed into the hopper, which is 


furnished at the bottom with s feeding roller, and it falls thence into the chamber which in open 
communication with the perforated beater-bars, In traversing the length of the machine the corn 





24%. 


is exposed to the drying action of tho steam contained in the cylinder B and the annular space, and 

at the samo time is subjected to the action of the blast from the fan, while it is violently agitated in 

its passago by moans of the brushes and the holes in the beater-bars. EE are ventilators, F a 

ae atl ve, r the hopper-valve, PLM pulleys, and W and V gearing. BR is tho outlet for the 
ried corn. 
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Root-Cutters.—Figs. 248 and 249 represent a diso root-cutter, constructed by M. Aibaret. The disc 
has knives, Fig. 250, and is carried at the extremity of an iron axle revolving in a very long bush 
which traverses the hopper. The roots are thrown into a hopper, part of the vertical face of which 
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is formed by the parotving diss. The weight of the roots causes them to descend against the knives 
of the dise, the outti mr pope opponlga, peas take it stron ergat pprnetye > The 
disco may be turned by hand or steam power. When turned by hand, it makes about 40 to 50 
revolutions per minute, and with steam attains about three times this velocity. To out the roots 
into small prisms toothed knives are used, Fig. 249. To cut slices, for the toothed plate is substi- 
tuted a straight cutter. The depth of the slices is regulated by the position of the cutters with 
relation to the plane of the disc. The arrangement of the hopper varios greatly, but it is preferably 
to be constructed of iron bars placed sufficiently near together to retain the rvots. 

Horse-Gears.—M., de Valcourt has saopened. a horse-gear worked with corda, Fig, 251, of very 


simple construction. A conical piece of wood, bored throughout its axis, revolves on a vertical iron 
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pivot fixed upon a maasive picr or frame, The conical piece of wood, which forms tho shaft of the 
gear, carries 8 number of wooden arms, in the direction of the spokes of a wheel, and kept in a hori- 
zontal plane by light iron tics connected to the summit of the central axis. The ends of the arms 
are grooved, and form, as a whole, an enormous pulley or wheel, the periphory of which is not con- 
tinuous, In those grooves works an endless cord intended for tho transmission of motion. Tho 
arma are 12 to 15 ft.in length, and are placed about 4 ft. above the ground, so that tho horso walking 
betwen two traces attached to two arms, 80 as to form a chord with the rope, draws directly upon 
the machine. This horse-gear is well adapted for those situations where a source of power is required 
temporarily. 

rrott's horso-goar, Figs, 252 and 258, is remarkable for the small spaco it occupica, but is some- 
what complicated. The plate carrying the draw-bars pivots freely on the vertical axis A Al, Threo 
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toothed ls B laced beneath this plate; these engage with a crown-wheel, and with the 
pinion keyed on ‘es cele AA‘. The threo wheels revolve with the same velocity, and for each 
revolution of the beam make a number of turns ex by the inverse ratio of the number of their 
teeth to the number of teeth of the fixed crown. motion of the three wheels B is transmitted to 
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the pinion. Finalty the rotation of the axle A is transmitted to the horizontal axle o by the 
wheel and angle-pinion M and N. If the fixed crown carries 56 teeth, the wheels R 22, and the 
pinion 11 toeth, and the ratio of the circumferences of the wheel and angle-pinion be equal to 5, 


the axle c will make a number of revolutions expressed by = x7 % o= 25°45 while the horse 


round once, A fault of construction of this gear may be mentioned, as it introduces a generally 

useful rcmark often applicable to gearing constructed with too great an economy, or in which too 
great an attcmpt has been made to reduce the dimensions of the mechanical parts. In a well- 
planned gear the ratio of the diameter of the pist or trace-ring to that of the first tooth-wheel should 
not be too great; for the effort exerted on the teeth of the firet wheel is equal to the draw of the 
horse multiplied by this ratio. These would have to resist very great forces, and would be easily 
broken by any sudden check or pull given by the horse, if the length of the arms or beams of the 

var had too great ratio to the radius of the firet toothed wheel. The old gears in wood with their 
mmenao crown wheels of a diameter frequently greater than half that of the pist, were consequently 
well designed. Doubtless, this cannot be an absolute rule, and must be modified by exigencics of 
another nature, but the diameter of the first wheel should be at least one-fifth of that of the pist, 
excopt under spe cial circumstances. EK. R. and F. Turner, of Ipswich, have designed a horse-gear, 
Fig, 254, in which the main whec! is inte:nally geared, and drives a} inion cast in the same picce 
with oa bevel-wheel, and 
revolving on a pin keyed 254 
to the lower part of the 
frame. A bevelled roller 
running free on a pin pass- 
ing through the sido of the 
frame, bears against the 
upper cdge of the bevel 
eee: and keeps it steadily 
in gem with the pinion. 
The bed-plate is rectan- 
zular, and the bracket 
carrying the upper bearing 
of the main shaft 1s light 
and occupies but small 
space, 

Sulphurator. —Although 
more closely allied to field 
operations, 1t 18 conveniont 
hore to describe an appa- 
ratus used for destroying 
mould upon the hop-plant, 
and termed a sulphurator, 
Vig. 255. Mould or white- 
hbhght, occasioned by the 
fuugus Sparotheca Cas- 
taynoi, alhed to the fun- 

us that causes tho vine 
iscaso, known commonly 
as oidium, was formerly 
teriibly injurious to hop- 
lants; but like its ally, . 
1as been checked toa great 
eatent by the application 
of sulphur put on usually 
before the hops are in burr 
or bloom with a sulphur- 


ator. This machine is WEG > KX 
drawn by a horse between 
the rows of plants Two 


a ards applications of 
sulphur are usually made ; 
the first when the bine is 
just over the poles, the 
second just before the burr or bloom appears. About 50 lbs. per acre is put on at each application, 
ata cost of about 15s. per acre cach time. The machine consists of a blower deriving its motion 
from tho wheels of the carrier, and a chamber in which sulphur is burned, and through which the 
blast is directed. When hops are drying, it is usual to fumigate them with sulphur when evapora- 
tion is at its highest point. Tho sulphurous acid evolved by the sulphur bleaches the leaves of 
the roeking hops, and imparts to them a golden colour. About 10 Ubs. of sulphur are burned for 
800 bushels of green hops. If hops are much discoloured, sulphur fumes are passed through them 
twice while they are drying. 

BELTS AND BELTING. 

There is no simpler or more effective means of transmitting motion than that afforded by 
eords, bands, or straps. The manner in which this means is made to take effect, through the 
frictional adhesion between the aurfaces of the belt and the pulley, conduces to the safety of the 
whole mechanism ; for, if any unusual obstruction intervene, the belt merely slips, an shocks 
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and breakage are prevented. The facility with which this communication of rotary motion ma, 
be established, or en, at a distance, and under almost every variety of eireumel ice ee 
brought the band so extensively into uso in machinery, that it is one of, the principal channels 
through which work ia transmitted. 

A belt at a certain tension is not capable of exerting more than a certain definite force upon tho 
pulley over which it passes, and it therefore occupies a certain time in communicating its own specd 
to the gt Sane of that pulley. The length of this time de pends upon the masses which are to be 
set in motion along with the pulley, and the speed which is to bo imparted to thom, aud until this 
time has elapsed the band has a slipping or sliding motion on the pulley _ Belts are not, therefore, 
suitable for communicating a constant r lation between several velocities with precision, on account 
of their being free to slip on the pulleys ; but this verv freedom to slip, as alrcady pointed out, con- 
stitutes one of their great advantages when used in swift and powerful muchinery, since it prevents 
those shocks which ordinarily take placo when machinery which has been at rest is suddenly 
thrown into geur. 

From a number of experiments which have been made, it has been ascertained that the 
loss due to this slip amounts to about two revolutions in a hundred. In practice this would be 
but a slight luss, and would not occasion any inconvenicnce ; but where there is a long train of 
gearing, repcated from shaft to shaft by belts, the loss becomes serious, for after u succession of five 
speeds it amounts to no less than one-tenth of the caleulated speed, while at tho end of thirty-four 
spocds the velocity will be reduced by one-half. From these considcrativns it appears that whoro 
it is required to transmit speeds as near dc tciminate as may be, by means of bana and pulleys, it 
will be necessary to increase the diameter of the driving pulley by its one-fifticth part, or to diminish 
the driven pulley in the same rativ. The following table gives the peroontage of slip in open 
and crossed belts of various lengths. 














! ¥ 
Percentage of Percentage of 
Parallel Belts. Crossed Belts, 
Length in Foct. ve eiaine: by | Length mm Feet. bese hate by 
| | | 
| 6 4°2 6 | 8°5 
12 | 8:9 12 3-2 
18 : 3°6 18 | 2-9) 
24 3°3 24 | 2°6 
30 3°0 30 2°3 
| 36 2°7 36 2°0 | 
42 | 2°5 42 1°8 
48 | 2°3 48 | 1°6 | 
54 2°1 d+ | 1°4 | 
60 | 1:9 60 | 1°2 | 


From this tuble it will bo seen that the length of the belt exercises a considerable influcnce over 
the amount of its sipping, long belts being much less liable to slip than short ones ; and if will 
ar be seen that a crossed belt possesses a great advantage, in this respeet, over an open or parallel 
belt. 

M itersal and Manufacture,—Various substances, such as vuleunized-rubber, papcr, shect-iron, 
and others, have been, and are still, in certain special cases, employed for making belts; and their 
adoption has, in many cases, been followed by good results. But the most gencrully usod material, 
and that which, after long experience, and numerous experiments with the various substitutes, has 
been almost universally adopted, is the best oak-tanned 1 ather. 

In the manufacture of belting, choice should be made of young hides, as these possess much 
more strength than the hides of old animals. After these have been carefully selected, they should 
be hemughly tauned, by the old-fashioned oak-baik process; and the more slowly and perfectly 
this tanning is carried out. the better for all belting purposes will be the leather. 

Previous to currying, the shoulders should be cut off, leaving only the best parts of the butts to 
be tanned for belting. It is the presence of these shoulder pieces in belts that often causes so much 
annoyunce by making them run crooked ; the shoulder naturally stretching in a direction cuntrary 
to the stretch of the butts. 

Belts for service in dry, warm placcs may be made of course, looge leather, and will, under such 
conditions, be found to wear and work well; but for wet or moist situations, the finest and firmest 
white oak-tanned leather should be used. 

Strength.—Tho strength of straps must, of conrse, be determined by the work they have to 
transmit. Ifa strap transmit a force of u horse-power at a velocity of » fect a minute, then the 


tension on the driving side of the belt is =--—~ Ibs,, and this tension is independent of the initial 


tension producing adhesion between the belt and pulley. For example, Ict v = 314°16 fest a 
minute, which is the velocity of a 24-inch pulley at 50 revolutions a minute, and let 3 horse-power 


: 83000 x 3 
be transmitted, then res) ae 812 Ibs, the strain on the pulley due to the forco transmitted. 


From the mean of a great number of experiments, which have been undertaken at various ti 
and under varying circumstances, the absolute strength of ordinary leather bolting, three-sixteenths 
of an inch thick, appears to be about 3084 Ibs. a square inch of cross-ection, These experiments 
were made with belts of from 1 to 3 in. in width. 
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Good belting three-sixteenths of an inch thick should sustain for a long time, without any risk 
or serious wear, # tensional strain of 50 Ibe. to each inch of width ; or, according to Morin, about 
855 Ibs. the square inch of section. ae 

The follo table, showing the relative strength of leather and other belting, is taken from 
eet ‘Use of Belting.’ The Centennial testa were made in the Philadelphia Exhibition, on July 
8, 1876, in Mossrs. Riehlé Brothers’ testing machine ; the others have been derived from various 





Bize of Belt 
Tented. 


—————| Fores to | Required t ee 
Material in Belt. Width | Thicke aaa the reak reak 
1 Inch Width./1 Square Inch. 


in 
Inches. | Inches. 
in. in. lbs. Ibe. lbs. 
Leather 8 i 8750 1250 5000 Centennial tests. Oak-tanned. 
Fr 8 8625 1208 4838 Ps 5 a 
= 8 4 8500 1166 4666 %s » ee 
‘s 8 4 8875 1125 4500 ‘5 3 see) Ge 
2 8 4 8250 1083 4333 % ‘ ae 
és 8 4 8000 1000 4000 - 3 9 ‘4 
“ 3 | 3 2250 750 8000 s a aoe 
. 8 4 8250 1083 4333 Mean of the seven tests. 
Raw hide 3 ts 2875 958 61381 Oentennial tests. 
Sugar-tanned 2} i, 2000 727 2909 4 ‘ 
Rubber 8 “a 3500 18338 - i ‘ 
” 8-ply 8 Ws 8000 1000 4571 M 99 f fv ‘ ts 
ean of five experiments. 
Leather i| + 552 552 2944 { Ordinary leather 
“ 2 as 1077 588 2872 » five % = 
“ 8 vs 1522 507 2705 » three ,, - 
Rubber, 8-ply 2 de 1211 605 re ‘s five ‘a 3 
%s i 3 ee 1763 587 - » five 5 
Leather 1 AY 530 530 2836 
Rubber, 8-ply 1 600 600 - 
Leather 1} 1050 840 de Oak-tanncd. 
- 1} 1850 1480 : Page tannage. 
. vs ‘i vk Ss 8200 Good quality. Many tests. 
” oe ee ee oe 4000 99 99 
5 wi - Ss 4278 English. Rankine. 
Raw hide ae n i a 6417 ” 9 
Leather 1 vk 930 930 5000 Good new English. 
3 1 ie 1000 1000 - 
“ 3 va 2025 675 3086 Towne. American. 
5 “* os ee 4200 Ox. English. Rankine. 
ch ; Sb res G. Spill and Co., London. 
10 16682 1663 ia Flax yarn cemonted. 
Leather 4 2100 525 
Calves’ skin ee ae os 1890 London Mech. Mag., 1863. 
Sheep skin, 
Brazil ee os ee ee 1610 99 99 99 
Horse ” ee oe oe oe 4000 Tt) 99 99 
“ ¥ a i 33 ea 8200 is 5 
9 ry) ee oe ee os 1680 ” 93 9 
Oow F me as ‘ie i be 8981 9 . + 
Ontton duc . = oe aw os Centennial tests. “Union.” 
Leather 8 we 8000 1000 i Two shaved leathers, with 
% 8 ws 5625 1875 ; i cemented between. 
o rivets in stronger piece. 
” I x a 1000 is Good quality. 


Durability —Tho wearing of belts depends altogether upon ciroumstances. If they adhere well 
to the pulleys, and there is no slipping, but a continual adhesion while at work, leaving the 
pulloys clear, there is no perceptible wear while running with the hair side to the pulley ; but put 
i rough or flesh side to it, and wearing will soon occur, from the friction caused by slipping on 
e pulleys. 

rience has proved that when the grain side of a belt is placed next the pulley, it will drive 

about thirty-four per cent. more than when the flesh side is placed next to it; but in connection 
is another question arises, namely, which aide placed next the pulley is the more 
It is well known that the strength of leather is on the hair side, and it may be eaid to lie in 
about one-fourth of the thickness ; when, theroforo, this part of the belt is saath away, it will nc 
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longer be of much service. If, however, the flesh side be covered with a good coat of tanner’s 
dubbing, and this be repeated for two or three successive days, it will acquire a amoothneas, and 
a consequent driving power, almost or quite equal to that of the hair side. And as, by placin 
this side to the pulley, the strong side will reserved from wear, the belt will be foun 
in ety i to last six times longer when aed in this way than when run on the hair side 
exclusively. 

Loose-running belts will last much longer than those which must be drawn tightly to drive : 
tightness being evidence of overwork and sinks rtion. ia oo 

Preservation and Care of Belts —Care should be taken that belts be kept soft and pliable ; and 
they should also be well protected from water and moisture. Ponetrating oil should only be used 
when a belt has become very dry and harsh from neglect, for the frequent application of ‘such oils 
renders the leather soft and flabby, causing it to stretch, and rendering it very liable to run out of 
line, A good dressing for leather belts is castor-oil; this may be applied by means of a rag 
or brush, while the belt is ranning, thus preventing loss of time by stoppage. The following is also 
@ good dressing; one part of beef tallow and two parta of castor-cil, to be melted togethor and 
applied warm. The uso of either of these will prevent the attacks of rats or other vermin, as none 
of them will touch the leather after one application of castor-oil. 

Belts and all pulleys should be kept clean, and freo from accumulations of dust and grease ; and 
especially from contact of lubricating oils, some of which permanently injure the leather. 

To prepare a new belt, soak it for about ten minutes in water, then dry it for fifteen minutes, 
and afterwards brush it over two or three times with neat’s-foot oil. When this is well driod 
the belt is ready to be put on. To keep it in good order it should be oiled once every two months in 
cold weather, and once a month in warm. 

When a belt is dry and husky, but still pliable, a coating of blood-warn: tallow, dried in by the 
heat of a fire or of the sun, will tend to keep it in good working condition ; the oil of the tallow 

és into the fibre of the leather, serving to soften it, and the stearine is loft on the outside to fill 
the pores, and thus preserve a smooth surface. The addition of resin to the tallow, for belts used 
in wet or damp pen will be of servico, and help to preserve their strength. Belts which have 
become hard and stiff should receive an application of neat’s-foot or liver oil, mixed with a small 
quantity of resin; this prevonts the oil from injuring the belt, and helps to preserve it. Tho 
quantity of resin, however, should not be sufficient to make the belt sticky. Tho following com- 
ition is recommended as a good one for preserving the pliability of belts :—1 gallon of nent’s- 
oot oil, 1 gallon of tallow, and 12 ounces of rosin, the whole to be dissolved by heat and well 
mixed. This is to be applied cold, the belt being first damped, excepting the joiuts, with cold 
water Pane the composition is to be well rubbed in, In winter a larger proportion of oil will bo 
uired. 
wa The use of printers’ ink has boecn recommended for increasing the adhosion of belts; a case 
being on second where the slipping of a 6-inch belt, which had become very dry and smooth, was 
entirely prevented, for twelve months, by one application of this substance. 

Belts stuffed with a composition formed of two parts, by weight, of tallow, one part of bag-berry 
tallow, and one of boes-wax, will run well for six months, without any attention, and will also bo 
impervious to water. It is also said that a belt stuffed with this composition will Inst twico 
as long as one stuffed with oil. The composition is to be heated to tho boiling pons and applied 
directly to both sides of tho belt, by means of ® brush; and the belt is then to be held close toa 
red-hot plate, in order to soak in the bees-wax, which does not enter the pores of the leather from 
the action of the brush. Care must, however, be taken to huve tho leather perfectly dry, so as to 
prevent its burning. A kettle of this composition was placed over a blacksmith’s fire and molted, 
a coil of perfectly dry 2-inch belting, about 16 feet long, was then put into it and boiled for forty- 
five minutes in the greatest degrce of heat that could be oo, by blowing the fire continually ; 
when taken out it was found that the texture of tho leathor was not the least injured by the heat 
of the composition. A piece of ae damped with water was next tried, and this was found tu 
be burned and orisped in less than half a minute. 

Permanent Joints.—In making permanent joints, the ends of the two pieccs to be united must 
first be scarfed, or bevelled, as shown in Fig. 256; they may ee 
ae ng joined by aati of three following methods, : 
each of which is extensively used. ij HME ee 

Glue the ends with ordi ert hot glue, and bind them ata 
together with hand-screws until the gluc is set, then drive - ; 
in a number of shoemaker’s pegs, dipping cach onc into hot glue before driving it in; the numbcr 
of pegs required will vary with the width of the belt. The pegs should afterwards be pared smooth 
on beth sites, and the jomt made of equal thickness with the rest of the belt. If not exposed to 
water, this joint will last as long as any part of the belt. 

A good cement for joining leather, and one which has been found to stand well under heavy 
tests, is prepared as fullows;—Take ten ree of bi-sulphide of carbon and one part of oil of 
turpentine, and in this mixture dissolve sufficient guttapercha to render the composition moderately 
thick. The pieccs of leather to be joined must first be freed from grease ; this is best accomplished 
by placing a cloth on the leather and pressing over this with a hot iron. After the joint is made, 
it is very important that it should be dried under pressure. -_ 

For waking permanent joints in leather belts, take equal parts of common glue and isinglass, 
put them in a boiler or glue-pot, and add sufficient water to just cover the whole ; allow this 
mixture to soak for about ten hours, and then bring it to @ boiling heat, and while it is in this 
state add pure tannin until the whole becomes TORY or oo like the white of an i 
this mixture warm, and rub the joint surfaces solidly together ; allow it to dry for a few and 
it isready for use. Joints pee hard in this way will not require rivoting if they are properly 
done, for the cement itself is y of the same nature as the leather. 
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Laces and Lacing.—The usual method of joining the ends of a belt, that is, by means of leather 
thongs or laces, is undoubtedly the best as well as the most convenient, the thong being more easily 
obtamed and applied than any of the numerous and ingenious substitutes which have been devised 
for securing the ends of belts. ; ; 

From a great number of sa pater which have been made with laces of various widths and 
thicknesses, for the purpose of ascertaining their strength, it has been found that the strength 
depends very much upon the part of the skin from which the thong is cut ; one cut from near the 
backbone possessing, on an average, fuur times the strength of one cut from any otber part. 

Eel-skin laces are, undoubtedly, the strongest laces or strings that can be obtained for lacing 
belts ; they will withstand rough or hard usage, and will outlast any belt or ordinary lace. They 
are prepared by thoroughly drying the skins, and then slitting them lengthwise ; and they can 
easily be prepared for use within three hours from the time of catching the eels. 

In punching belts for lacing, the belt is weakened to the extent of the sum of the diameters of 
the holes, when the same are in a straight line across the belt. From this it will be seen that the 
best punches for cutting the luce-holes are those possessing an oval section, as they cut away less 
of the cross-section of the belt and still give ample space for the lacing. ; 

It is the practice of some engineers to cross the laces on both sides of the belt, while others cross 
thom on the outsido only, laying’ the strands evenly on each other in the line of motion on the 
pulley side of the belt, which expeiience proves to be the better way. 


In Fig. 257 is shown a method of lacing without crossing by means of double rows of holes. In 
this arrangement the two ends of the lace aa, are tied in the middle ot the belt. Experience has 
proved that when a belt is laced in this manner, the lace will last twico as long as when crossed. 


258. 





The best position for the holes, as proved by a number of experiments, is that shown in 
Fig. 258, since by this arrangement tho cross-section of the belt is only weakened by two holes 
in any place. In the first experiments which were made with this system of lacing, the line ab was 
not cut, and tho invariable lime of fracture, which always commonced first at the edges, passed 
through the holes nearest to the same, and continued across in the same straight line, was cd or 
ef. Tho belt was then cut through the line a, and after being ae laced it gave the 
following resulta :—The tearing began at the holes at five-cighths of the breaking-strain, and con- 
tinued until tho lacing tore out at the end holes, when the rest went suddenly. After being sub- 
jected to one-half of the breaking-strain for twenty-four hours, a slight addition to the weight 
cuused the holes to tear, and, after commencing, the tearing continued rapidly until the end holes 
tore out, when the whole went suddenly, as before. After being subject to the same strain for 
forty-five hours, the effect was as above stated. But after being subject to one-third of the brouking 
strain for ono week the holes showed no signs of fracture. 

The tearing out of luco-holes is often attributed to bad belting, when in reality the fault consists 
in having the belt too short, and trying to force the ends together by lacing; and the more the 
Kcather has beon stretched in the process of manufacture, the more likely is this accident to 
occur. 

lt has boen proposed, as a means of eet dune laced belts, to employ large oval eyelets with 
broad flanges, to clusp or confine the material. These eyclets would not only materially strengthen 
the belt by distributing the strain round the whole of the circumference of the hole, instead of its 
being directed all to one part, as is the case when tho holes are nut so protected; but they would 
also preserve the holes from the rending action of the lacing, which must have some effect upon 
the porns in contact, as no belt can be laced so tight that the lacing will not rend to some 
extent. 

Tho following method of lacing a quarter-twist belt is recommended as s means of equalizing 
the strain on both sides of the leather. Put the belt on, and 
bring the ends together in the usual way, then turn one end 
inside out and lace. The belt will then run first one side out 
od then the other, and will be found to draw on both sides 
alike. 

Bolt-Hooks and other sete ins The Champion Belt-Hook,— 
This hook, which is shown in Figs. 259 and 260, possesses a 
substantial double bearing, which precludes the pomatitity of 
its tearing out; it is leas expensive than the Blake stud; 
and although it costs more than the ‘‘O” hook, it is in the ; 
end cheaper, as it retains its original shape in the belt, and consequently can be used over and 
over again. This can be adjusted in little time and with great ease; shortening a belt or taking 
up slack is quickly accomplished ; and few other belt-fastenings are equal to it for strength. 
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The Lincolne Belt-Fastener.—This is one of the most ingenious forms of belt-fustener now in use, 
affording as it does a very strong and yet light joint by simple means; and it is as applicablo 
to use with belts of indiarubber as it is with those of leather. This fastoner is of Osnedran in- 
vention. It consists of two picoes of tough, curved plate, tinned tu preserve them from oxidation. 
The buckle proper is curved as shown in Fig. 261, and it is formed with a series of teeth at each 
end; these teeth are shown by the dotted lines in Fig. 262, It will be seen that the width of this 
buckle is rather less than the width of the belt. In applying this fustening, the onds of the belt are 
ree from the inside with an awl, or a spocial tool for the purposo, in a somewhat slanting 

tion, and the points of the teeth are insorted into these holes, in such a manner as to project at 
the opposite side to that at which they aro inserted. The plato cover, or clasp proper, is then 
slipped over the projecting teeth, thus tying them securcly fast, and making the complete buckle. 
With very wide belts several such buckles are required. 


261. 





Wilson’s Belt-Hooks—These hooks aro made in two forms. Fig. 263 is to be used with belts 
running at high speeds over small pulleys; and for making permunent joints, instead of the 
ordinary cemented and pegged joint. Fig. 264 is intended to take the place of the ordinary laced 
ee y its use the strain is brought to bear on four or five times as many places as it would 

if laces were employed, besides which, the belt is not weakenod by having part of its substance 
removed by punching holes for the laces. To apply these hooks, they should bo laid on a bench, 
or some other firm and solid place, with the teeth upwards, and the belt should then bo driven 
down as tight as possible to the plate by means of a shoemaker’s hammer. ‘The teeth of the hook, 
Fig. 263, are made of sufficient length to come through the belt, and are to be clenched down und 
fore.d well into the substance of the leather. It is claimed that belts fastened by theso hooks 
can be mended in one fourth of the time that would be required with luces ; and they uro also suid 
to be one of the best fasteners for rubber or paper belts. 

Rlake’s Belt-Studs, the form and manner of inserting which are shown in Figs. 265 and 266, 
are recommended as being both better and cheaper than cither laces or hooks. They are made of 
such a form as to grip nearly the entire width of tho belt, and, thereforo, as they require no punched 
holes, the strength of the belt is but very slightly reduced; whercas the available sectional width 
of a laced belt, with ordinary punched holes, is generally reduced by one-third. By the use of 
these studs the edges of the belt are kept close together, but the studs do not touch the pulleys. 
Belts which have become too rotten to hold laces, may be securely fastened by this means, for 
the studs will hold until the leather is completcly worn out. They also constitute an_cfticrent 
fastening fur use in damp places. In leather belts, the slits for inserting these studs should be 
made one-quarter of an inch, and in rubber belts three-cighths of an inch, from the ends, and the 
studs should be inserted half-an-inch apart Tho smullest size of these studs, No. 6, are used for 
such purposes as joining tho belts of ordinary sewing machines; No. 5 for 2-in. belts; and 
Nog. 1 and 0 for 4 and 5-ply rubber, and for double leather belts. 
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In Fig 267 is shown a method of joining the ends of belts, which is much recommended. The 
plate a is of brasa, curved to the shape of the pulley, and is rather narrower than the belt. This 
plate laps the joint and receives countersunk-head screws from each end of the belt. 

Fig. 268 shows anothor method of fastening the ends of a belt by means of screws, which has 
been very successfully adopted in practice. When this system is adopted, the belt must always 
travel in the direction of the arrow. and never be allowed to run against the joint. 
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‘on, 269 to 271 ig shown a method of joining the ends of a belt, without the sid of either 
baba tice or screws, Two or more oval slots, Fig. 269, are made near one end of the belt to 
be joined; and in the other end of the pri tab # 270, D-shaped slots are made, the material 
being cut through the middle of the straight side of the D, by an incision parallel to the length of 
the belt, thus dividing tho end into T-shaped a 
The ends of the belt are scarfed, 20 269. : 

hat when en they will lie closely to 
the body of the belt. In connecting the ends 
of the belt, the T-shaped parts are twisted a 
quarter-way round, and Feecy through the 
oval slots in the other end, and then straight- 
ened up again, thus locking the ends to- 
etber. 
‘ General Conditions affecting the ari! of 
Belts,—In order that belts may run well the 
should be perfectly straight, and of equa 
thickness throughout their length; and t V7 
should have but one laced joint. The en 
to be laced should be cut at right angles 





to the a and the holes shon d be oval pememaneemapiine ma maies SON caren SEL OLE! lt MELE 
punched, The lacing must be put in evenly, g e 
of equal strength to the belt, and there must 271. 


be no crossing of laces on the inside, 
In the preparation of long belts, groat care should bo taken in selecting the pieces to have them 


of equal thickness, and the ends of the several picces should be evenly scarfed or bevelled, and 
united in some permanent manner. If copper or other rivets are used, the heads should be let 
in rather below the inside surface of the belt, to prevent contact with the pulley, and the washers 
should be ee on the outside surface. If the bevelled and lapped ends are sewed, the wax-end 
should be laid in flush, on the inside of the belt, to prevent wear. 

Care should be taken to have all belts run free and easy, with as much slack as possible on the 
upper side. When the slack is in this position, its weight forms a most effective tightener, in- 
creasing the adhesion of the belt, by enlarging its circumferential contact with the pulleys, The 
amount of this slack should be sutticient to allow the return, or following, side of the belt, to run 
with a gentle Lip or waving motion ; all the tension being on the leading, or driving, side 
of the belt. When a belt is so run, without sliding on the pulleys, it will wear for a t length of 
time. For, although e belt may be heavily loaded, yet if at every revolution it has an oppor- 
tunity of relief from its tension, so as to be able to contract to its natural texture, it will prevent it 
from breaking by the stress upon it. If, however, it be kept strained tight on both sides of the 
drum, it will soon show signs of wear, especially by cracks at the edges, and it will last but a short 
time. With loose running belts, also, the shaft and all bearings will be subject to much less 
strain; and may, consequently, be made lighter than they otherwise could, 

The use of tighteners, with horizontal and inclined belts, should be avoided in all possible cases ; 
and they should only be adopted after overy other means of obtaining the requisite power from the 
belt has been tried and failed. When used they should be of as large a diameter and as freo 
running as possible, with perfectly smooth, flat faces, and should, of course, be applied to the 
upper, or slack side of the belt. 

Vertical, or perpendicular, belts, require to be run tighter than horizontal ones, in order to 
insure contact with the bottom pulley; they must therefore, be kept tightly strained, and they 
should be made of leather which has been well and thoroughly stretched in the process of manu- 
facture, to lessen their tendency to stretch by their own weight while hanging on the pulleys. If 
tightoners be used with vertical belts, they should be fixed in such a manner as to operate by their 
tendoncy to fall towards a horizontal position. 

Belts should be applicd with the grain sido to the pulley; so used, they will not only do more 
work, but they will last longer than if used with the flesh side to the same, The fibre of the grain 
aide 1s more compact ond fixed than that of the flesh side, and more of its surface is constantly 
brought into contact with, or made to impinge upon the particles of the pulley. The two surfaces, 
that of the band and that of the pulley, should be made as smooth as possible, especially as the 
surfaces in contact increase in extent, and the more they impinge on each other. The smoother 
tho two surfaces, the less air will pass under the band, and between it and the pulley, as the air 

revents contact, and the greater will be the contact, and the more machinery will the band drive. 
he more unoven the surface of band and pulley, the more strain will be necessary to prevent 
the band from slipping. What is lost by want of contact, must be made up by extra strain upon 
the band, in order to make it drive the machinery required ; oftentimes, if the band is laced, causing 
the lacings to broak, the holes to tear out, or fastenings of whatever kind to give away. Bands 
used with the grain side to pulley will not crack; as the strain, in passing the pulley, is thrown on 
the flesh side, which is not liable to crack or break; the grain not being strained any more than 
other portions of the band. 
ts should not be worked up to their full power, and they undoubtedly give the best results 
when running on large pulleys at a high velocity; the driving side being placed below, as already 
Shy out, Tho best seed tn is vorking is ie 1200 to 1500 ft. a minute, and it 

ould never ex . or the extra strain thus occasion i 
the durability of the belt. eee eet 

Horizontal, inclined, and long belis give a much better effect than vertical and short ones; for 
a long slack belt will work for years, while a short one under heavy strain is soon destroyed. 
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Care muat, however, be taken that the length be not too great; as instance the following case. A 
60-in. pulley, at 45 revolutions a minute, drove a 15-in. pulley, about 50 ft. distant, by an 11-in. 
belt, 109 ft. long. The tops of the pulleys were nearly on the same level, and the belt was 
crossed. This belt was continually flapping about, soon e crooked and irregular in width, 
and was uently torn asunder, at the lacings, by excessive tension; and the whole arran 

ment proved very troublesome until changed to the following ;—The speed of the 60-in., and the 
diameter of the driven pulley, were doubled, and the distance between their centres was reduced 
to 15 ft. The belt now drives with more power, gives greater regularity of speed, and works 

every way. 

Sometimes a belt will be found to work badly from causes quite outside its own motion and pro- 
portions ; as instance the following case in practice. A 46-in. pulley on the line-shaft, drives a 
60-in. paler on a 4-in. shaft, at the rate of 78 revolutions a minuto, by means of a 12-in. 
open belt. This latter shaft is situate 7 ft. 8 in. below, and 2 ft. in front of the lino-shaft, and 
Carries on its centre an 8-ft. fly-wheel, weighing 8750 lbs.; and it has a crank with a double pin 
on its overhanging end, which is connected with and drives two marble saw frames, one very heavy, 
the other of medium size. The belt runs slack and free, and was not touched at the lacing during 
six months of very steady and satisfactory running. Before tho 8-ft. fly-whecl was put on, a 
6-ft. fly-wheel of about 1450 lbs. weight was used, which a long, troublesome experience proved 
altogether insufficient, The belt had to be run very tightly ; ittore frequently at the lacings, even when 
the laced ends were doubled to make the stronger joining ; and at all times while running, tho lack 
of momentum in the wheel caused unsteadiness of motion in the whole system of gearing in the mill. 

Shpping.—It is a well-known fact in connection with belts, that they require a gron degroo of 
tensivn, to prevent their slipping, when running at a high than they do at a low specd. Various 
reasons have at different times been advanced to acvount for this; but the following appears to bo 
the true cause. 

The centrifugal force of the belt, acting against its tension, causes it to slackon ite grip of the 
pulleys, and this force naturally increases in direct proportion with the specd For it can be 
proved from tho elementary laws of dynamics, that if an endless band, of any figure whatsoever, 
run at a given speed, the centrifugal force produces a uniform tension, at cach cross section of the 
band, equal to the weight of a pioce of the band, whose length 18 equal to twico the height from 
Which a heavy body must fall in order to acquire tho velocity of the band. 

If w be the wees of a unit of length of the band, v the speed at which it runs, and g tho 
velocity produced by gravity in @ second = 82; then the centrifugal tenduncy, as 1t may be called, 


has the following value ; a 


The effect on the band in motion is, that at any given point, the tension which produces pressure 
and friction on the pulleys, or availablo tension, as 1t is called, is less than the total tension, by an 
amount equal to the centrifugal tension ; for this amount is employed in compelling the particles of 
the band to circulate in a closed or endless path. It is, of course, to the total tension that the 
strength of the band is to be adapted, therefore the transverse dimensions of a band, for transmitting 
a given force, must be greater for a high than for a low speed. 

Shafts and Pulleys—Shafts.—In the placing of shafts that are to be connected with each other 
by belts care should be taken to obtain a proper distance between them. For if the distance be too 
great the weight of the belt will produce a very beavy sag, and will draw sv hard upon the shaft 
as to produce great frictiun in the bearmgs; the belt at the same time having so unsteady and 
Papping a motion, as will tend very soon to destroy both iteclf and the machinery. If, on the othor 
hand, the shufts are brought too close together, there will be a logs of driving power from the bvlt, 
on account of the reduction of the suiface-contact betwecn itself and the pulleys. A general rulo, 
and one which has been found to give very good results in practice, is as follows ;—Whore narrow 
belts are to be run over small pulleys, 15 ft.18 a good average. For larger belts working on larger 

ulleys the distance should be from 20 to 25 ft.; while shafts on which very large pulleys are to 
¢ placed should be from 25 to 80 ft. apart. Another rule gives the distance betwoen shafts to 
equal tun times the diameter of the staaller: pulley, 

Shafts which are to be connected by belts should never, if it can poo avoided, be placed 
one directly over the other ; for in such a case the belt would require to be kept Ht tight to do 
the work. It 1s desirable that the angle of the belt with tho floor should not exceed 45°, Circum- 
stances, however, generally have much to do with the arrangements, and the engineer muat use his 
judgment, making all things conform, as far as may be, to general principles, always bearing in 
mind that the distance between the shafts should be such as to allow of a gentle sag to the belt 
when in motion. 

Wrought-iron shafting of 1 in. diameter will transmit between 14 and 15 horse-power at 100 
revolutions a minute, before there is any set twist; a shaft 2 mm. in diameter will transmit 100 
horse-power before twisting ; and a of 4 in. diameter, and running at the same velocity, is 
capable of transmitting horse-power befure twisting, but will frequently be broken by very 
much leas power if out of line; while 1 or 2-in. sbafting, being flexible, will hardly be influenced 
by amall variations. It will be seen from this that tormon is hardly to be considered in shafting a 
mill, as it will require larger shafting to prevent springing by transverse pressure than it does for 
torsion ; a shaft being twisted off, but generally broken by jar gr Spelt ct pn. itd gd oo 
or by transverse strains. In advocating the use of small shafting it is not pretended that, then- 
retically, there is any saving of friction in transmitting the same amount of power, but that in most 
caste ihe alemeter ut larger then’ renulsed, asthe teaaeraree eisai req a larger diameter 
than the torsional, as above stated. For it evidently requires the same amount of friction to transmit 
a pve ore with a 1-in. as it does with a 6-in. shaft, as the 6-in. shaft would, of course, run 
very slower. 
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The following table gives the horse-power 
speed of 100 revolutions & minute ;— 
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8 | 27-00 | 72 | 465°48 | 22 | 31°25 || 74 | 762°14 
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31} 42°87 | 82 | 561°51 |] 3 | 54°00 || 72 930°96 
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41 | 76°76 | 9° | 729-00 | 33 
44} 91°12 | 93 | 791°45 | 4° 128-00 || 82 1339-84 {12 | 7° °; 

43 | 107 17 | 94 | 857-37 | 4} 1153-52 || 9° /1458-00 1,5] 8°91 [2% | 54°26 | 34g | 166-24 
5 | 125-00 | 98 | 926-86 | 44 [182-24 14 | 10°12 |} 243} 58-23 | 3g | 174°55 
51 | 144°70 10 1000-00 | 48 [214-34 1~,| 11°19 /|2% | 62-39 | 333] 188-13 
5} | 166°37 5. |250°00 1§° | 12°87 || 248] 66°35 

53 | 190-10 , BL 1289-40 11g 14°41 |] 22 | 71-29 | 44% | 201-12 
6° | 216-00 54 '882°74 1} | 16°07 || 228! 76°04 | 44 | 210-56 
Gy | 244°14 52 |880-20 142| 17°86 |/3 | 81°00 | 444,/ 220-28 
6} | 274-62 6° |432-00 1t | 19°77 ||83,| 86°16 | 42 | 280-29 
G4 | 307°54 6} |488-28 11§/ 21-81 ||3) | 91-38 | 4:8| 240°60 
7 | 343-00 Gi 1549-24 24°00 '|3,3,| 97°15 | 4f | 251-22 
73 | 381-07 | 63 1615-08 -98 | 47,| 262-14 
74 | 421-87 7° \686-00 4} | 278°37 





Pulleys,—The faces of all pulleys must be true and concentric, and their shafts parallel to each 
other ; for, if thia is not the case, the belts running upon them will require guiding, and this will 
cause their edges to wear very rapidly. Pulleys tor shifting belts should be straight-faced, unless 
tho shafts arc far apart, m which case they may be slightly convex. ; 

Flanges to pulleys and belt-guides should be avoided, except for pulleys on upright shafts, or 
whero two belts run closely together on the same pulley, or on two adjoining pulleys of like 
diameter ; and even in these cases with a high speed they may often be disca:ded. 

To find the ratio of the speed of turning of two pulleys connected by a band ;—Mecasure 
the effective radii of the pulleys from the axis of each to the centre line of the belt ; then the speed 
of turning will be inversely as the radii, The effectivo radius of a pulley is equal to the radius 


plus half the thicknose of the belt. 
Pulleys covered with lcather will diive from 25 to 50 per cent. more than smooth iron 


pulleys. 
From a number of experiments cariied out by Hoyt, Brothers, of New York, the percentage 


of resistance of bands on various pulleys was found to be nearly as follows; and this percentage 
will indicate the rclative wo1king value of each pulley respectively :— 


Leathor-covercd pulleys  .. .. «.. «. «+ 86 per cent. 
Smooth polished iron .. .. .. « «. 24 t0 80 ss 
Rough turned iron., 2.0 6. ee we ee ee 5 Fs 
Polished mahogany  .. .. .. «2 «+ «oe 28 * 


When it is required to cover an iron pulley with leather, the leather should first be steeped for 
a few hours in a strong infusion of gall-nuts. Then cover the metal with a layer of hot glue, and 
apply the leather to 1f on the fleshy side ; considerable pressure should be cmployed in order to 
ensure perfect contact between the two substances, and tho pressuro should be maintained during 
the whole time that it is drying. When fastened in this manner the leather will resist the effects 
of moisture, and may be torn sooner than separated from the metal. The following method of 
proparing the glue for this purpose is much recommended ;—Soak the glue in good cider-vinegar, 
and, after it has dissolved, add to every quart of the solution 1 oz. of Venice turpentine; then 
let it oook for five or six hours, and it will be ready for use. Large pulleys and drums may be 
covered with narrow stiips of leather wound round spirally ; but narrow pulleys should be covered 
by leather of the same width as the pulley face. 

Cast-iron pulleys of large diameter are not suited for running at high velocities, owing to 
unequal shrinkage in cooling and other imperfections. Running slow the centrifugal force has but 
little effect ; but as the centrifugal force is as the square of the velocity, it is not eo easily overcome 
in rapid motions. - Making the rim of the pulley thicker only increases the centrifugal force, as 
this force is proportional to the weight of the mass in motion, and consequently nothing is guined 
by the extra iron. To overcome this difficulty large pulleys have generally been constructed of 
wrought iron, the tensile strength of which being much greater than that of cast iron, enables the 
rim of the pulley to be made much thinner, and the centrifugal force to be consequently very con- 
siderably reduced. But the best and cheapest method of construction for large pulleys appears to 
be that adopted by Daniel Hussey, of Lowell, Massachusetts, which he thus deaatbes ;—White 
pine felloes made of 1-in. boards, and breaking joints for the rim, are built on cast-iren hubs and 
arms, Now the centrifugal force of material is as the specific gravity, and the specific gravity of 
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cast iron is thirteen times that of pine, hence the centrifugal force must be thirteen ti ’ 
but the tensile strength of cast iron is only two to one of that of pine, hentee the bes of eiy 
made of white pine fellocs, will sustain from four tw aix times the centrifugal force of a rim mado 
of cast iron; that is, the same diameter with white pino fellocs will run at more than double 
the velocity without being torn asunder. It is less likely to be broken by jar or blow, and is losa 
than half the weight, and will thereforo consequently take lesa power to ‘run it. Ilusaey had a 
pulley made in this way 16 ft. diameter and 4 ft. wide running at a apecd of 90 revolutions a 
paren pai ee 17 ft. pee ane 62 Ma wide, at 100 revolutions a minute, driving on to 
e made in the same wa . diameter, and running 425 revoluti i 
wars a id to ae Scat y ot g utions a minute. Both of these 
t will be seen from tho following paragraph that great diversity of optnio i 

to the prober convexity to be given to the faces of belt Salle the eens ogee ie 
Width of pulley face varying in the differcut formule from one-tenth to one niucty-sixth. Tho 
rounding should evidently be made as slight as is consistent with security, sinca ov ery deviation 
from the cylindrical form is accompanied by @ loss of foree, For in their progieas round the 
pulleys the different parta of the belt are stretched and relax d alternately. Now if the muterial 
of the belt wore perfectly elastic, the fore expended in the distension would be reproduced on the 
contraction of the belt. The amount of loss due to this imperfect elasticity is not known, but it 
will certainly be increased im proportion to the disturbance of tho particles of the belt thut is, tho 
Mater the roundin ‘te a pulleys eee will be the loss due to this cause. 

orin says;—The pulleys over which belts pass ought to have a convexity equal to abo . 
tenth of their breadth. Molesworth; belt pulleys shuald be made aligiily convex. in a Se 
half-an-inch to each foot of breadth. Another proportion gives one-eighth of an inch rise for 
8 inches of width. And another one-cighth of an inch to the foot. Tho proportion of rise to 
width will require to be greater for narrow pulleys than for wide ones, 

It may be observed that this very provision, namely, the round ng of the face of the pulley, 
which keeps the brlt in its place so long as the machiwery is in proper aclion, tends to throw it off 
whenever the resistance becomes 80 great as to cause a slipping, is muaintun a belt on a pulley 
it is necessary to have the advancing part in the plane ot the wheel’s rotation, 

Many reasons huve becn advanecd to account for the belt running to the higher put of the 
pulloy, but the chief cause appears to be the following = That cdge of the belt which 15 towards 
the larger end of the cone, is more rapidly drawn than the other edge ; 1m consequence of this, the 
advancing part of the bilt 15 thrown im the ducetion of the Luger put of the cone, und this 
obliquity of advance towards the cone must lead the belt on to its higher part 

In Fig 272 isshown an improved form of fast and loose pulley, introduced in 1876 by Crafts and 
Filbert. In this arrangement the loose pulley «, is made % in, less in diameter than the driving 
pulley 4, and is provided with a conical flange ¢, by 
means of which the belt mounts to the driving pulley. aie. 

The difference in diameter of the two pulleys will —— . 

slacken up the belt 3 in., taking the strain off the belt 
and the friction from the pulley, and allowing the belt to 
contract when thrown off the tight pulley, By these 
means the belt has a chance to give and tike, as if 14 
always in a slack condition when on the loose pulley, 
and should contract encugh to heep it tight for a long 
period ; for whatever will relieve the belt of stam 
will add to its durability. There is consideiatle wear 
and tear on a belt in shiftiug it with the ordinary 
pulley ; for m starting a heavy machine it is neccssary 
to hold the belt on with the shifter until the machine 
is iu full motion, and during this time the cdge of the 
belt is rubbing against the shifter, tcaring up the corners 
of the laps and wearing away. The flanged pulley, 
however, requires very little aid from the shifter, for 
when the belt is brought to touch the flange it immediately climbs to the tight pulley, aud 
remains there, starting the machine quickly, 

Cone Pulleys.—Cone pulleys consist of a scries of pulleys of diff rent diameters, and are generally 
formed in one casting, They are fixed in one order of suece ssion on the driving slinft, aud in the 
reverse order on the driven; the suin of the respective diameters of cach pair being sueh that the 
game belt will run with equal tension on any puir, These pulleys are employed in lathes, and i 
other machines, where it is required at times to vary the velocity of the driven pulley, while the 
rate of motion of the driver remains constant. For crossed belts these pnileys are equal stepped 
cones, 80 proportioned that the sum of the diameters of ¢ eh belted pair ia the same. Kor 
uncroesed or open belts a pair of equal and similar frustra of conoids, bulging in the middle, must 
be constructed according to the following formula. Let c denote the distance between the axia of 
the conoids, r' the radius of lurger end of cach, r? the radius of the swallir end; then the radius 
of the middle, r*, is found as follows: 

yl + r2 (r' 7 r?)2 


rf = ——_—— 


2 ~ 6 28¢ 


Having found the three pointz, r', r?, 1°, Fig. 273, deecribe an arc of a circle passing through th 
ail upon this draw the faces of all the pulleys in the series, in the manner shown. pant 
In order to show ba an open belt would not have equal tension on all the pulleys of an equal 
cone ; let a b, Fig. 274, be two ha stepped cones on parallel axes. Now, if the sum of 
the ters of the extreme pulleys ¢ f be equal to the suin of the diameters c d, the connecting 
I 


_ 
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e belt ¢ f and d should be equal, for the enrolled parts are equal by the construction of 
rayenas but ¢ f a ¢e @ cannot be sal: for they are not parallel, and hence it appears that c d, 
being at right angles to the shafts, is shorter,than e /; therefore, in order to preserve a certain 
tension of the belt, when on the extreme Lee g, the middle pulleys must be larger than the size 
given by cqual steps, in order to take up 


ifference. 





rrangement of Belts.—In laying out the guar of a mill it is important to arrange the 
Pech and belts Vin such @ panier that, ao far as may be practicable, the stress of one belt 
upon the journals shall be counteracted by that of another belt in an opposite direction, Often, 
however, cases will arise in which it is compulsory to place the main shaft at the side of the mill ; 
but this position should be avoided-whenover possible, as it throws the whole of the strain upon one 
side of the journals and bearings, and consequently causes them to woar unevenly, and soon to be- 
come looso. The best revieen for ue main ae is undoubtedly the centre of the mill; the 
ition of the secondary shafts being of minor importance. 
PT some Agncrisii (ackories one one belt is made to run the wholo round, from top to bottom of 
the mill; turning every main shaft, passing where necessary over carricr pulleys, and working its 
way toand fro, This is not a plan, as the belt is requircd to bo of abnormal length; and, 
having ull the stress upon it, it must be sufliciently wide to take off ull the power, It 18 likewise moro 
costly than necessary, besides possessing several other disadvantages. 
This arrangoment is shown in Fig. 275. A is the main driving pulley, from 8 to 12 fect in 
diameter, which is geared from and driven by the water wheel B; C 1s the basement, D the carding 
room, K the spinning room, F the weaving room, and G the diessing room The lines of drums and 
shaiting, in tho cardmg and weaving rooms, are shown by the lottcrs a to 7; 1, 2, 3, and 4 are the 
binders or guides, to lead or bind the belt im the required direction. The lines of drums extend 
very nearly throughout tho whole length of the mill inside, and, for a mall of 4000 spindles, 
are driven by two belts operating in the manner shown. These belts must each be about 320 feet 
long, and from 12 to 15 inches wide ; and it will require from 600 to 700 Ibs. of stout belt leather 
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to make each one. They are undoubtedly bulky, ponderous, and unmanageable; and whenever a 
lacing breaks, to which accident belts are frequently liable, they are likely to run nearly or quite 
off the druma ; and this would cause the stoppage of the whole of the machinery, besides requiring 
the work of some six or eight men, for several hours, to put them on again. 

The simplest and best method of driving by belting, which is also the cheapest and the most 
durable, is to convey the power from the main driving shaft direct to each room by a separate 
strap; and if more than one shaft be required in any one of the rooms, to drive it direct from the 
other by a separate strap; apportioning the width of each belt to the power it is required to transmit, 
and where it is necessarily short, allowing a little extra width. 

be In Fig. 276 this method of laying ont a mill is shown as applied to driving a mill of four stories. 

pine “hich two are required in the bottom room: these may both be driven direct from the first 

arms. in the manney shown in the figure. «is the main driving shaft, and is driven direct from the 
\ 
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steam engine, or other motor, at the rate of 80 revolutions a minute: 5 is a at well-balanced 
drum, of 15 feet diameter and about 8 feet wide, keyed on to the shaft a, and having therefore a 
surface velocity of about 3770 feet a minute. The pulleys J!, b*, 63, and 6 are each about 8 feet in 
diameter and 6 inches wide, they are keyed to the respective shufts which they have to drive, and 
will, in this case, make about 200 revolutions a minute ; but their spoed may, of course, be varied 
by altering their diameter. But whatever else is done, the speed of the straps must be kept u 
for in this lies one of the great secrets of success in belt dnving. The shaft A, if the power 

steam, will be the engine crank shaft, and the drum upon it will act as a fly-wheel; for, without 
being heavy, it will have great vis viva, hy reason of its great speed. This pulley must be turned a 
little convex at the centre of the place where each strap comes upon it, and there must also be a flat 
space of about 3 or 4 inches between each hump, so as to admit of each belt being boxed up 
separately, in order to ensuro its running in its a place. By these means, should any one of 
He belts break, it cannot in any way interfere with the others, as it runs in a separate box all 
the way up. 

Length.—Having properly arranged and proportioned the main driving shafts and pulleys and 
arranged the machinery, the next thing to be dune is to determine the lengths and widths of the 
several belts required. 

To find the length and course of a belt, apply a tape-line or string to the pulleys where the belt 
goes, and then measure the length of the string by a two-foot rule; or make a drawing, full-size or 
to scale, and step dividers around the course of the belt. By mcans of such drawings the places 
where the belt passes the floors, and the like, can be also found. When it is not convenient to 
measure With the tape-line the length required, the following rule will be found of service ;—Add the 
diameters of the two pulleys together, divide the result by 2, and multiply the quotient by 8}; add 
the prodnes to twice tle distance between the centres of the shafts, which will give the length 
require 

ia ‘lo measure the length of a belt in coil ;—Let D = mean diameter of tho roll in inches, d the 
mean diameter of the eye of roll in inches, and 7 the number of turna, 
Then the length L = (D + d) n °1309 fect. 

Width.—The following rules for calculating the required width of leathor belts are taken from 

Moles worth's Pocket-Book ,— 


V = Velocity of belt in feet a minute. 
H.P. = Horse-power—actual —transmitted by belt, 
§ = Strain on belt in Ibs. 
W = Width of single belting — 3, in. thick—in inches, 


bf 


S=uac+hkr. 
W = °Q2 Ss. 
~ 33000 H. P 


k=1°1, 077, and 0°62, when the portion of tho driven pulley ombraced oy the 
belt = ‘4, °5, °6, of the circumference respectively. 


For double belting the width hth W x6. 
Ap proximate rule for single belting yy inch thick ;— 
1100 HW. 1. 
W = =v («] 


“The formule given above apply to ordinary cases, but are inapplicable to cases in which very 
small pulleys are driven at high velocities, as in some wood-cutting machines, and fans. The acting 
area of the belt on the circumference of the driven pulley being so small, that either great tension 
or a greater breadth than that determined by the formula, is required to prevent the belt from 
slipping. 

re is such extreme cases of high-speed belts, find the breadth of the first-motion belt by the 
formula for ordinary belting above (a), then if— 


A = Acting area of first-motion belt. 

v = Velocity of first-motion belt. 

a = Acting area of high-s belt. 

V = Velocity of high-speed helt. 

Av 

tla —e 

aa 
“ The acting area of either belt = / x 6. 
‘Where / = length of circumference of driven pulley embraced by the belt; and ) = breadth of 

the belt, therefore ;— 


= ~in the cuse of the high-speed belt, 


“If there is no first-motion belt exclusively for the machine it will be easy to suppose a 
case, from which the breadth of the high-speed belt may be calculated, 

“Rule (a) is equal to 91:6 square feet of belt a minute for each horse-power.” 

Belts for driving wood-working machinery require to be wider in proportion to the power 
required than for metal-working machines; for, on account of their hard and dry surfaces, they 
possess much less driving power than the latter belts, which are kept soft and pliable by continual 
contact with the oil. 

John Richards, in his practieal ‘Treatise on Wood Machinery,’ says ;— 

“The belting for circular saws is, 1s 8 rule, too narrow, or upon pulleys of too small diamcter, 
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To drive a saw well, and without injurious strain upon tho bearings, belts should be one-third the 
diameter of the saw in width, and the pulley equal in diameter to the width of the belt; which is a 
very simple rulc, and does not give any more than the necded driving force under fair conditions. 
One-fourth the diameter of the saw to be taken as the diameter of pulleys on cross-cutting spind|s. 
The breadth of the pulley faces to be once and a half the diameter. 

“ The convexity of pullcys, to keep belts central, sliould be sufficient for the purpose and 
no more, as any great degreo of convexity interferes with the contact and tends to the deatru ‘tion 
of the belt, unless both pulleys have their faccs the same, a thing impossible in the case of shifting 
belts, For pulleys of from 2 to 24 inclies face, the convexity should be from one-eighth to one- 
sixteenth of an inch to tho foot, graduated inversely as the width of the faces; fur pulleys of nai- 
rower face, the convexity may be slightly increased. This is quite sufficient to govern the running 
of belts, and a necessity for more indicates a fault in the position of the shafting. 

“‘ For apindles having unusually high speeds, the writer has found belts of cotton webbing to be 

referable, Such belts, if closely wovon and of the best material, will, when waxed, be found to 
have a high tractile power, and to wear well; while their comparatively light weight prevents their 
lifting from centrifugal force.” 

The width of a belt varies in direct proportion to tho power to bo transmitted, and inverscly as 
the speod ; and this width should, of course, be calculated for the maximum resistance to be ovcr- 
come, and not for the average. If the power of a belt 18 inches wide be required, it will generally 
be found to be much better to put m two 9-inch belts than one so wide; owing to the inequulitics 
in such large picces of leather, unless they are very carefully selected and prepared, causing ereat 
loss of adhesion. 

Driving Power of Belts-——The following facts relating to the transmission of power by belts are 
takon from Box’s ‘ Practical Treatise on Mill Gearing.’ 

“Let A, Fig. 277, bo a pulley fixed so as to be incapable of turning, and T ¢ weights suspendel 
by a belt HE, which passes round the pulley, and may be caused to embrace it 
more or Jess by a small guide-pulley D. Let now the weight T be incrcased 
until the friction of the belt is overcome, and it slips on the pulley, the weight T 
descending. 

“Tho ratio between T and ¢ varies— 

*1-—With the cocfficient of friction of the material of the belt BH, sliding on 
the matorial of the pulley A, 2.—With the proportion which the are of the pulley 
embraced, bears to the whole circumference of the pulley. 

“It is independent of the breadth of the belt, so long as T and ¢ remain the 
same, but inasmuch as T and ¢, or the strain on the belt, may increaso with the 
width, this must not bo understood to mean that a narrow belt will drivo as 
much as a wido ono; for, othor things remaining the same, the strain, aud there- 
fore the driving powor, varies directly and simply as the breadth. 

“The ratio between T and ¢ is also indepondent of the diameter of the pulley, 
other things remaining the same, thus, for instance, a strap which slips on a 
pulley 1 ft. in diameter, with a woight of 1 cwt. one side, and 2 ewt at the 
other, would do the snine on a pulley 10 ft. or any other diamoter, the sui faces boing similar. 

“This appears contrary to our instinctive notions, but is quite correct, as proved by experi- 
ment. But this must not be understood to mean that a small pulley will carry as much powcr ap a 
largo one, for obviously, if both are set in motion, making the same number of revolutions per 
minute, the relative speeds of belt would bo proportional to the diamctors, and the power would vary 
in the same ratio. 

“ Fyom Morin’s experiments the coeflicients of friction are as follows ;-~ 
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47 for loather belts in ordinary working order on wooden pulleys, 
” | ” cast iron ,, 
"38 ,, » soft and moist * Pe . 
‘50 ,, cords or ropes of hemp on wooden pulleys. 


‘Tt appears from Morin’s experiments with cast-iron pulleys, that the driving powor is tho 
samo, whether they are turned or not, the adhesion of the belt to the polished surface gone. ating 
as much friction as with a rough surlaco. 

“If we take the cause of a belt in ordinary working order on 8 cast-iron pulley, the cvefficient of 
which is 28, and calculating for four cases in which the circumferenco is successively }, $, 3, and 
wholly embracod, we find thut while ¢ = 1 in all cases, ‘I’ bocomes successively 1'553~24:1—3°77 
and 5°81, 

“The following table is caleulated in this way, and gives throughout the value of T when ¢ =1 
for different kinds of surface of pulloy and states of belt. Decimal parts of circumference of pulley 
are given instead of vulgar fraction as above. 

“When a rope is used, and it is wound more than once round the drum, the frictional power is 
enormous; thus with a rough wooden pulley, and a rope 25 times round it with ¢=1, T is 2575-3. 

“ We have so far considered the pulloys as fixed; we will now apply the foregoing facts to the 
case of pulleysin motion. The mechanical conditions of a driving pulley, with half its circum- 
ference embraced by the belt, are shown by Fig. 278, in which we have, as before, the pulley A and 
the weight T and ¢ as in Fig. 277, whore we found them to be respectively 1 and 2°41. But in this 
case the pulley A being free to turn, the weights T and ¢ being unequal, there would be no 

uilibrium without an additional weight at Q, and supposing the drum J to be of the same 
diameter as the puliey A, it is self-evident that the sum of Q and ¢ must be equal to T; therefore 
Y~t=Q; or 241 —102=1:41=Q, 
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TABLE SHOWING Ratio or Tae StaRarms on THE Be.ts or Drivina Po.tieys, Q = T — ¢ (Box). 


























Ratio of the Belts in ordinary state on Ropes on Wooden Drums. 
et (ee ct a ee 
ra e Wooden Castel on Cast-iron 
me Bele bg Pulleys. Pulleys. Pull nm Pulleys. Rough. Polished. 
Chcum- Serie ieee we ee =~ Ss pe 
ference. | t, | T. e | 7 ea |r | T. | Q T. | Q | T | 
‘2 | 1 | 1°87) +87) 180; +80 1-42| -42/ 1-61) -61/ 1-87] +87 | 1:51 | +51 
‘3B | 1 | 2°57] 1°57) 2-48, 1-43 1-69; -G9| 2-05 1-05| 2°57 | 1:57) 1°86 86 
‘4 | 1 | 8°51) 2-51) 3-26 2-96 2-02 1°02/ 2°60 1°60) B51] 2-51 | 2-29] 1-29 
*5 {1 | 4°81) 8:81) 4-88' 8-38 2-4111-41/ 8-30 2°30/ 4:81 | 8°81] 2-82] 1-82 
*6 | 1 | 6-59) 5°59’ 5-88, 4-88! 2-87/1-87/ 4:19 3-19] 6 58 | 5°58 | 8-47 | 2-47 
"7 | 1 | 9:00] 8°00] 7°90, 6-90 3°43'2°43! 5-32 4-32) 9°01} 8:01 | 4:27) 3:27 
+8 | 1 12-8411-34£10°62, 9°62 4:09 8°09/ 6°75 5°75] 12°34] 11-84] 5°25 | 4°25 
‘91 1 16°90.15-90 14°27/18-27 4°87 3°87| 8°57 7°57, 16-90 | 15°90] 6°46 | 5°46 
1:0 1 23°1422°1419°16 18-16 5°81 4°81 |10°89,9°89| 23°90 | 22°90] 7°95 | 6°95 
51 | | 111°31 | 110-81 | 22°42 | 21-42 
20 11 535-47 | 534-47 | 68-23 | 62°22 
25 1 | | 


2575°30 |2574°30 |178°52 |177°52 
J 


| 


“The mechanical power transmitted by the belt, supposing Q to be raised by a rope coiled around 
the drum as a hoist or windlass, 18 the ditference betwoon T and ¢, and Q might be increased 
indefinitely, if we could increase T aud ¢ indefinitely in the normal proportion; there is, however, 
» hmuit to which this can be done, numely, the cohesive strength of the strap by which the heavicst 
weight T 1s carried. Whero leathir is used we can obtum the requisite cohesive strength b 
mcreasing the width of the belt, or by mukiug it a double or treble one, und this width must im all 
causes be proportional to T and not to ¢ or Q. 

“Tn Fig. 278 G may represent the engino shaft, I its crank, and P the power which is equal to 
Q. It will be obs: rved that the weight c, or pressure on the bearmgs duo to tho tension on tho two 
straps and nlso the maximum tension T, 1s much greater than the power P or tho weight Q. 








“41 
“Ifthe weight Q had been 1°0, the maximum tension T would evidently have boon = =1°71, 


and the minimum tension é have been os =°71,and thus weobtain the strain as shown in Fig. 279. 


this is the most useful form in which the question can le put, as wo thus obtain the proportional 
marimum strain or width of belt for a unit of power at P, 

“With a wooden pulley, the friction of the surfaces is greater, and the stinins for the weight Q 
are different. Here for ¢ = 1 we fiud by the table above that T is 4°38 and hence Q = 4°38—1 = 8°38, 


Fur Q or P=1 we should have T = eae? 1°29. and é = 5 - = °29; sothat with the same power 


P, a belt 1°29-inch wide, on a wouden pulley, would do as well as one 1°71-iuch wide on @ cast- 
iron one. 
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‘In the case of a pulley of cast iron with ,', of the one embraced, the me shows that T = 1 i 
and ¢ being 1°0, Q will be 1°42 — 1°0 = °42. For Q = 1 we have T = ag 83°38, andé = Pr 


= 2°38. : 
“ With a crossed belt on cast-iron pulleys the arc embraced being ,;ths of the circumfercnoe, 


wo have T = 3°48, by table ¢ = 1, and Q = 2°43; and hence with Q = 1 we obtain T = 245 > 


1-41, ond ¢ = a = “41, 

‘Comparing all the cases presented it will bu seen that with the same cngine power, the breadth 
of belt would be in the :atio 1°71, 1°29, 3:38, and 1-41.” 

The annexed table shows the results of a sories of experiments which were made for the purpose 
of aseertaining the facts governing the transmission of power by means of belts and pulleys, The 
appaiatus used consisted of cast-iron pulleys of 12 and 24 in. in diameter, having slightly 
rounded and smoothly turned faces, and with their axes fixed in a horizontal position. Over these 
pulleys belts of various widths were laid, and to their pendant ends certain equal weights were 
attached ; weights were then gradually added to one side until a perceptible motion occurred, when 
the whole was noted. 


| 
Weight on | We ight | | Proportion 


existing 
Dia- Material of Thic ” Wid th Platform, on Hook t 


' Amo 
Pension |"or ad REMARKS. 























’ e including | includ- r 

Muley Belt, gna of Balt | "Piatiorm | ing | of hesion. pen 

and Parts, | Hook | Adhesion. 

inches inches | finches. | inches Ibs. Ibs, Iba 
12 | Leather} 4 | 1 | 50 | 200 | 100 | 2:1 | \The same belt in both 
24 be ss 1 150 | 50 | 200 | 100 2:1 cases, old, but good. 
12 . ‘3 2 151 | 50 | 201 | 101 2:1 Old lathe belt, sticky. 
12 i - y, 300 | 100 | 400 | 200 2:1 Old belt, in good order. 
24 0 +3 2 150 50 | 200 | 100 ae | = ss _ 
12 Ye ” 3 150 50 | 200 | 100 2:1 ‘5 o ee 
24 3 ‘s 3 300 100 | 406 | 206 2:1 Results doubtful. 
12 | Rubber | 8-ply; 2 190 | 50; 240 | 140 | 12:7 Old belt, in good order. 
24 ‘ a 2 869 100 | 469 | 269 | 23:13 ¥ as % 
36 - Fe 4 372 | 100 | 472 | 272 | 59 : 34 ~ 








From the above table it will be seen that the adhesion of any open belt is directly as the tension, 
and not as the surface in contact; for the same results invariably attended the same tension, 
whether the belt was double the width, or the pulley double the diameter, or both. From this it 
follows that if we wish to inciease the adhesion, o1 driving power of any bi lt, without mcreasing its 
width, or tho strain upon the shafts and journals, we must increase tho angle of coutact betwecn it 
nnd the surface of the pulley. Now the greatest possible angle for an open belt, without a carrier 
or tightener, is 180°, as upon cither the driving or driven pulley this cannot be exceeded ; but for 
crossed, carried, or tightened belts, the angle may be as large as 270°. 

The following table gives the powei transmitted by belts of various widths, running on pulleys 
one foot in diameter, at » speed of one revolution a minute, and making various arcs of cuntact 
with the pulloys. 


Width Aics of Contact of B:lts upon Pulleys corresponding to the Angles. 
or = RT Se en ey Noe Ge i le ee re ae Ce en gt eg ee ee a 
Bilt. 90°, 100% | 110" | 120° | 135° | 150°, | 180°, | 210°, 240° {| 270° 














inches | fvot-lba. foot-lbs, foot-lbs, | foot-lbs foot Ibs | foot-lbs, foot-lbs fout-lbs 
] 102 } 123 


109 116 


| foot-Ibs. —_foot-lbs. 
132 140 154 165 | 174 181 
| 





2 203 | 219 | 238 246 264 280 308 330 848 361 
3 805 828 349 869 896 420 462 495 521 542 
4 406 487 466 492 528 560 616 660 695 728 
5 508 : 547 | 582 615 660 701 770 825 869 904 
6 609 656 699 738 792 841 924 990 1043 | 1084 
7 711 766 815 861 924 982 1078 1155 | 1217 1265 
8 818 875 932 985 1056 1122 1232 1320 1391 1446 
9 914 984 | 1048 1108 1188 1262 1886 1485 1564 1626 
10 | 1016 | 1094 | 1165 1231 1821 1402 1540 1650 1738 1807 


11/1118 1208 | 1282 | 1854 {| 1454 | 1543 | 1694 | 1815 | 1912 | 1990 
12 | 1219 11812 1398 | 1477 | 1586 | 1688 | 1848 | 1980 | 2086 | 2171 
14 | 1422 1581 | 1618 | 1723 | 1850 | 1963 | 2156 | 2310 | 2484 | 2683 
16 | 1626 | 1759 | 1864 | 1970 | 2114 | 2944 | 2464 | 2640 | 2781 | 2994 
18 | 1829 | 1968 | 2097 | 2216 | 2879 | 2524 | 2772 | 2970 | 3029 | 8356 
20 | 2032 | 2197 | 2880 | 2462 | 2643 | 2905 ' 3080 | 3300 | 3477 | 3618 

| 2624 | 2796 | 2954 | 38161 | 8366 3696 | 3960 | 4171 | 4342 


24 | 2488 
30 | 3048 | 3280 | 8395 3693 3964 4207 , 4620 4950 5215 §427 
! i 
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To make use of this table to calculate the driving power of any bel when the width and anglo 
of contact of the belt, and the diameter and number of aah taae| minute of the pulley a 
known ; find in the table, the number which stands under the given angle of contact and opposite the 
width of the belt, and this number multiplied by the diameter of the pulley in feet, and the product 
by the number of revolutions & minute, will give the power transmitted by the belt in foot pounds. 
For instance, a belt 6 in. wide running over a pulley 3 ft. in diameter at the rate of 200 
revolutions a minute, and having an angular contact of 210°; will transmit a force of 990 x 8 x 
200 = 594,000 foot-pounds, or 18 horse-power. And a l-inch belt running on a 1-foot pulley at the 
rate of 215 revolutions a minute, the angle of contact being 180°, gives ubout one horse-pow er, 

Comparison of Single and Double Belts.—When it is required to increase the power of uny belt, it 
will generally be found much better to increase its width than the thickness ; for with a doublo 
belt, the extra tensile strength obtained is counterbalanced by its want of contact with the pulleys, 
and the extra power required to bend it owing to its want of pliability. 

When bent round the circumference of 9, wheel, the onter parts of tho belt are distended, and 
the inner parts relaxed ; and, supposing the section uf the belt to be rectangular, the amount of 
force expended in making these changes will be proportional, directly to its breadth and the square 
of its thickness, and inversely to the diameter of the wheel. Hence if two belts be of like sheneth, 
but the one broad and thin, the other narrow and thick, the amounts of force expended in bending 
Mie ected be proportional directly to their thicknesses, and hence the advantage of using broad, 

iin be)ty. 

Fiom these considerations it will be scen that the practice of strengthening belts by riveting, or 
seWing on, an additional layer must be execedingly objectionable; indeed, it is difMoult to sea how 
any additional strength is gained; for the outer layer must be tight when on the wheel, and slack 
when free, so that, in reality, the strength of only one Inyer can be available. The puts of the 
pompound belts are puckered and opened alternately, as cyineed by the erackhng noire, 

n all places where a high rate of spced is re quired, single belts will be found to be much more 
serviceable than double or treble belis; it being much better, for the reasons already pointed out, 
to increase the width than the thickness, when more powcr is required. When, however, it is 
required to transmit great power at a low velocity, double or treble belis may olten be ¢ mployed with 
great advantage. ‘These belts aie generally prepared in the following manner :— The two or three 
thicknesses of leather are first cemented together, and are afterwards sewn throughout their entire 
length, either with strung, well-waacd hemp, or with thin strips of hide prepared with alum; the 
latter being generally employed for this purpose in the North of England, but its advantages over 
good, waxed hemp are very doubtful. 

Aun improvement on the ordinary double biting has been introduced by Hepburn and Sous, of 
Southwark, who have given much attention to this branch of leather manufieture, This impiove- 
ment consists in the use of a corrugated strip of prepared, untanned hide for the outer Inyer of tho 
belt, and the usunl tanned leather for the inner layer; the two being riveted together by machinery. 
The rivets are made of copper or of malleable iron, and have their ends spread, bont, wnd driven in 
flush with the surfaces of the layers. Metallic sewing of this kind is much more durable than 
ordinary hand sewing ; and it has been applicd to double belting made entirely of tanned leather 
with equally yood results. j ee tees 

Wide Belts—Tho ordinary method of making two or more ply belts is shown in Fig. 260. 
Pieces of the required width are cut fiom the centres of the hides, the ends are spliced, and on 
this one layer others are built up to the required thickness, the lengths in cach layer brenking 
joint, crosswise of the belt, with those below it; the width of cach lnyer being, of couse, in one 
piece. This brings the back centre, or firmest part of the leather, marked B Cain the figure, into 
the centre of the belt, the edges being composed of the side portions of the hide, S KE, which are 
yielding in comparison with the middle. 

This method of construction possesses threo great disadvantages ;—All the pulleys being more 
or lees convex on their faces, and the middle of the belt being firm and not conforming to this 
convexity, while the edges are of comparatively loose fibre, the consequence is that the edges of 
the belt will not bind down to the cdges of the pulley, and after running a short time they will 
stretch more than the centre, owing to their loose 
fibre, and the absence of that lateral support which KO. 
the central portions have. Thus only a portion of 
the width of the belt is cffective ; and, consequently, 
much less power is transmitted by it than would be 
the case if the whole of its surface contact were 
available. 

The centre, or tight portion of the belt, having to 
bear the greater pait of the strain, and the other 
parts not relieving it, it will, as a natural conse- 
aaa give out proportionately svoner than it would = yx sx 

o if the strain were equalized. Whaat ie tem tare 

Owing to the chape of the animal, the part of 
the hide over the backbone often presents a serics Pre 
of full or humpy place, which are of so hard and 
stubborn a nature that it is very difficult, and often . 
impossible, to work them perfectly flat m the whole hide; aud, as a consequence, the belting, 
when made, possesses a rough, uneven surface along its centre, which prevents it laying flat to 
the pulleya, and produces a corresponding loss of its adhesion or dri ving power. 

0 overcome the above disadvantages, Alexander Brothers have introduced a method of eon- 
structing wide belts which they thus describe ;— } : ' 

“Ia making wide belts, cut the hides along the middle, turn the back edges, B E, outward, 
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and the side odges, 8 E, inwards, inaerting e side centre-piece, 8 C, so as to break joint width wise, 
as shown in Fig. 281. . but th 
“In three-ply belts the samo method is carried out, in the manner shown in Fig. 282; but thero 
aro various other arrangementg of the pieces which can be used advantageous! in certain seartt 
“The edge portions of the belt being of firm, solid, and unyielding leather, and the middle 
portions of leather of looser fibre and more yielding 


t. xture, it is evident that, after running a short time, ae 
the middle will vive to the higher part of the pulley, sr oe 4 is az 
and the edges will not only bind own, but will also WECM AMM RELA PEPE PLESSIS NSLS 
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afford that lateral support which will prevent the 27 
middle stretching as much as it otherwise would, 
and thus giving an even bearing the whole breadth 

of the belt, and consequently the greatest amount of pulley contact. When the middle of the 
belt becomes stretched, and allows the edge portions to bed themeclves down to the pulley, the 
working strain will bo d’stributed over the entire width, thus preventing wear on any alone. 
Cutting down the middle of the hide enables the currier to work out any uneven or full places, 
the surplus being cut away in straightening. For belts of 16 to 18 in., or wider, no other plan of 
muking can approach the above arrangement for effectiveness and durability.” 

As examples of the extent to which the manufacture and employment of large belts is carried 
in the United Stutes, we introduce the following particulars ;— 

At the New Jorsey Zine Company’s Works, at Newark, N.J., there is a quadruplo loather belt 
of unusually large dimensions, It is 102 ft. long, 4 ft. wide, and weighs 1220 lbs. The outside 
layer consists of two widths, the sccond and fourth lnyers of three widths, and the third layer of 
fuur widths, all the layos being riveted and glued together; and the end joints of the pieces 
forming the several layers arc lapped, to give tho greatest tensional strength to the whole. This 
belt runs on an engine-band wheel 24 ft. in diametcr, having a straight face of smooth turned iron 
4 ft, wide, and ovor a drivon pulley of 7 ft. dinmoter, situate on the line-shuft, the centre of which 
lics 5 ft. above the centro of the engine-shaft. This belt has been in use for upwards of three 
yoars; and during that timo it has given no trouble, even when dving its heavicst work. 

A. doublo belt of oak-tanned leather, 186 ft. 6 in. in length, 60 in. wide, and weighing 2212 Ibs., 
was exhibitod at the Philadelphia Centennial Exhibition by Hoyt & Co., of New York. This belt 
was inade for the Augustine Mill of Jessup & Moore, paper manufacturers, of Wilmington, Del., 
and is belioved to be capable of transmitting 600 horse-power. 

Another belt, exhibited by Jewell & Sons, of Haitford, was described by the manufacturers as 
the honviest belt, compared surface for surface, in the exinbition, This belt was 147 ft. 6 in. in 
longth, 36 in, wide, and weighed 1180 lbs , or upwards of 2°57 lbs. a square foot. 

carly all the rolling-mills in Pittsburg are driven by belts of 20 in. in breadth and upwards. 

Special Arrungemcnts and Mithods of Driving by Means of Belts—When pulleys of very unequal 
diameters aro connceted by a belt, the surface contact with the smallor pulley will be so small that 
the belt will requiro to bo very tightly stretched in order to transmit its full power; and, natually, 
the closer the pulleys are together, the more will this be the case. Besides this strain upon the belt 
there will also bo an extra strain and weur upon tho shafts and pulleys, caused by the increased 
tightness of the belt. 

To obviate this strain in the case of their small centrifugal pumps, Gwynne & Co, have adopted 
tho arrangement shown in Fig. 283, In these pumps the power is transmitted from the pulley a, 
on the horse-gear to the riggers b of the pump, the relative diameters of the two pulleys being 
about six to one, and the distance between them only 4 or 5in. The belt therefore acts on only a 
very amall portion of the rigger, and consequently requires to be very tightly stretched, and so 
oxcits a very heavy strain upon the bearings. To relieve this strain, the fiiction wheel c is placed 
between the pulley a and the rigger 6 in such a position as to touch both in a line connecting their 
centres This wheel, revolving freely on its fixed axis, reccives the whole of the strain exerted by 
a belt. ‘The face of this wheel is recessed in its centre so as to bear on the others at the edges 
only, 

To obtain a high speed from a driving belt, without the usual arrangement of counter shafts 
and belt-pulleys between the main driving-shaft and the machine to be driven, and without 
tho disadvantage of passing tho belt over a small pulloy, a small grooved pulley, p, Fig. 284, is 
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keyed on the shaft to which the high velocity is to be communicated, and upon it is placed a loose 
inflexible ring, r, of two or three times the dinmeter of the pulley, grooved internally to fit it, and 
turned up smoothly on the outside to receive the driving belt. The belt gives motion to the speed 
ring, the inner grooved surface of which communicates a higher speed to the pulley. The speed 
ring is held in effective driving contact simply iY the tension of the belt. For obtaining increased 
lateral steadiness at very high speeds, a double speed ring may be used if required. By theae 
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arrangements a belt may be passed over a speed-ring of 16 in. diameter, and yet communicate tho 
same speed to the shatt as if it were passed over a pulley of only 4 in. diametor. Enlarging the 
diameter of the speed ring will gate the driving pulley ¢ to be placed nearer the driven wheel p 
without altering its velocity, and will also increase the adhesion and driving power of the belt. 

In Fig. 285 is shown a method of obtaining a high rate of speed, by means of a belt and pulleys, 
which is kuown as Parker's patent belting. In this arrangement the axis of the auxiliary pulle 
B rovolves in the ends of the arms E, which are jointed to the arms D at H, the other ends of 
turning on the shaft of the pulley A. Those levers, KE and D, constitute a toggle by means of 
which the belt F F is forced into contact with the driving pulley A. The endless band F F passes 
round thé pulleys B and O ; but instead of passing round the driver A, ns in the ordinary way, it 
is forced against its periphery only, between the puints of coutact of the pulley B and O, by means 
of the toggle E D, as described above. The diameter of the pulley A to that of © may be in tho 
prcportion of 30, 40, or even of 50 tu 1; but the auxiliary pulley B must be of such a diameter as 
will prevent contact of the belt at G. All of these pulleys must havo porfectly straight and smooth 
surfaces, The belt must be made of well-stretched leather, of porfcetly even thieknoss and texture 
throughout; and the joints must be permancnt, and of the same thickness as the belt. The surface 
of C may be covered with leather, in order to increase the adhesion between it and the belt. To 
insure the perfect working of this combination, 1t is necossary that grcat care should be exercised, 
in order that all its parts may bo fitted with absolute cauctness, This urrangoment has been 
succosefully employed tor driving small circular saws by hand power. 





Tn Fig. 286 is shown Hitchcock’s “ Traction Gear,” for obtaining rapid motion by means of a 
belt and pulleys. The advantago claimed for this arrangement by its inventor is, that the power is 
so distributed around the shaft to be driven that tho tendency to displace the shaft on one side is 
counterbalanced by the pressure on the other. It consists, as shown, of three pulleys so placed 
that the driving pulley A touches the driven pullcy C, the two being foreed into close contact by 
means of the auxiliary pulley B, over which the belt is tightly drawn from the pulley A. All of 
these pulleys should be straight on the face, and have their faccs in the same straight line, and 
their axes in the same plane; the faces of A aud B may be covercd with leather. It will be scen, 
on looking at the figure, that the belt and pulleys A and B all tend to promote rotiry motion in 
the pulley C; and as the relative diameters of the pulloys A and C may vary greatly, a rapid 
incrvase of speed may be produced by this arrangement, while, at the same time, the belt passes 
freely and with full driving force over comparatively large pullcys, the pulley B being made of any 
diameter desired. . 

Another arrangement for obtaining a high speed in a shaft dircetly from the driving pulley, 
without the aid of intermediate counter pulleys, and with reduced lateral strain on the bearings of 
the driven shaft, is known as Weaver's belting. This arranzement is shown in Figa, 287 and 288. 
A. B, ond © are three shafts parallel to each other. A and C carry straight-faced pulleys, upon 
which run two belts of equal length and width, which are separated in order to prevent peach 
while running. The lower fold of the belt D is carried over the shaft L, and the upper fold of 
E is carried under B; and each belt in running imparts motion to the driven shaft in ie ee 
direction, while, at the same time, each counterbalances the lateral pressure of the other. A ist ° 
driving-shaft and pulley of large diameter; B the driven shaft of comparatively small diameter : 
and C a counter shaft and pulley of any convenient diameter, which is pluced in ee to ony 
and return the belts, and which is so arranged that it may be moved to or from B, and ah ® 
any distance, by screw adjustment or otherwise, so a8 to secure the proper tension of the : 7 

In Fig. 289 is ahown a simple means of increasing the driving power of a belt, vinous ae 
the size of the pulleys, which frequently been applied to the driving gear ot ides = 
auxiliary pulley, B, is fixed to the lathe-bed in such a manner that it may be moved ay ia 
forwards, 60 as to allow of the band being run in grooves of different diameters on A and C, thus 
altering the s uf C, while that of A remains constant. ‘The position of this auxiliary, oe 
tightening, pulley should bo such that the bands, or corde, may be kept from coming in contact a 
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; ‘ ing to the figure, 

ty points of crossing. It will be seen, by referring 
ie itp weeeas upon the well-known fact that the power of any belt, or erticn as the surface of the 
diameters are in a certain fixed relation to each other, increased In prop n inspection of the figure 
Pillay ite eee ike pal jag B Seen eal neare diminishing its distance from 
i inmeter of the ’ 
the Seca: a O, a greater or ee proportion of the surfaces of these latter pulleys ard 
brought into contact with the band, the length of the latter being, of course, yatied to suit the 
ircumstances of the case. 

ise rier which is much in use for transmitting power by means of hempen cords, or round gut 
belts of small dimensions, ig shown in Figs. 290 and 291. It consists of two multigroovéed wheels, 
A and C, which form the driving and driven wheels of the system, into the grooves of which is 
wound 8 single endless cord, E, in such a manner that the cord, in leaving the last gioove of A, is 
deflected across and above the other cords, and delivered in a line with the first groove in O, by 
means of tho adjustable single-grooved sheaves B and B’. The bearings of these sheaves are 
secured to rods, and fixed parallel with the cords, in such a manner that they can be easily 
slipped to any desired position to take up the slack of the cord. It is evident that with this 
arrangement the adhesion of the cord, and consequently its driving power, increases in direct pro- 
portion to the number of grooves in the pulleys A and ©. The grooves in these pulleys should bo 
of an angular, in preference to a circular, section, In Fig. 291 the lowest cord has been accidentally 


omitted. 


that this arrangement depends 
or cord, is, with pulleys whose 





A very simple method of imparting motion to two or more pulleys, situate on different shafts 
and ut different levels, by means of one driving pulley, is shown in Fig 292. The driving pulley 
A and tho driven pulley B are connected by the belt D in the ordinary manner ; over this belt 
1ung a second belt, K, which connects the pulleys A and OC, The belts, running on top of each 
other at A, inercase tho adhesion sufficiently to drive both B and C, This arrangement will be 
found convenicnt, and also ecunomical, for driving lines of shafting situate in different stories from 
the prime mover below, 

‘he following curious performance of a pair of belts is described by J. 8. Lever, of Phila- 
delphia ;— The driving | ulley a, Fig. 298, on the engine-shaft is 5 ft. in diameter, and runs 75 
revolutions s minute. ‘Iho driven pulley 6 on the line shaft is 8 ft. diameter, and about 20 ft. 
distant, in a lino near 45° with the horizontal. Both pulleys arc wooden drums covered with 
leather, and have sufficient breadth of face for two 12 in. belts. When this arrangement was 
started, two 12-in, single leather belta were put on side by side, and for some time were run in that 
way, but never satisfactorily. After many fruitless efforts to obtain a uniform action of the two 
belts, one nocidentally mounted the other, the two running thencefurth as one belt. In this way 
they diove the line shaft better than ever before. Many experiments were tried in the relative 
tightness of the two belts, which invariably proved that the best driving was always secured when 
the inside belt d was very slack, sagging, say, 12 to 18 in., and the outside belt c quite tight, the 
working bides, of course, running close to each other, as shown in the figure.” 
nny soap Nb bye ep needa of the various arrangements for os 

6 quarter-turn are taken from "s treatise on i i 
aren ee information ;— sie poor ny ee een ae 

‘ When two sare at, or neatly at, right angles with each other, and not in the same plane, 
and it is desired to drive one from the other by two pulleys only and a connecting belt, ex renee 
has proved that certain cunditions are necessary, In the first lace, the distance baweon @ near 
faces of the pulleys must not be less than four times the width of the belt. The pulleys A and 
es estar 7 = Satie agen ue belt bla raty on the face of one to the centre of the face of the 

_ a plane passing throu e centre of the i 
to that part of the face of the other from which the belt is she a 
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“In Fig. 294 are shown the position and proper proportions ref, . 

“The pulley A, from which the belt deflects, should hae a ae than B, in the proporti 
of 10 to 6, and should be more rounding on the face than is usual: and ihe cullen hb Nb ion 
emall as may be to do the work, and should be of nearly equal size. pullcys should be as 

About 25 per cent. of belt contact is lost when the belt makes a quarter turn, even when th 
pulleys are of the same size. We have noticed in the performance of a leather belt that the at 
90 R of lap on the pulley fit closely, as in the ordinary straight belt urangement ; but in the second 
90°, about half the width of the belt is forced from contact with the pulley by the strain in the 
substance of the belt, due chiefly to its imperfect elasticity, and primarily to the oblique deflect; 
of the fuld which is leaving tho pulley. que deflection 





* With a belt pertectly elastic, the same amount of contact, if not more, can be obtained ax with 
- an open belt, since the belt would adhere to the face of the pulley up to the line of departure the 
same in one case as in the other.” 

In Figs. 295 and 296 is an arrangement of the quarter-twist bilt, applied to driving mill- 
stones or upright shafts, in which the belt runs on three pulleys, “ A is the driving pulley on a 
horizontal shaft; B the driven pulley on a mill-spindle or upright shaft; C the tightener or guide 
pulley, which is placed at the proper angle for receiving the helt from B and delivering 1t to A. It 
lias a short shaft, running in bearings secured to a frame which slides vertically in fixed grooves, 
and may be raised to tighten the belt for driving, or lowered to slacken the belt for stopping, B, at 
pleasure. B is made wide and straicht on the face to admit of motion in raising and lowering the 
stones, as well as to allow of lead of belt by the different positions of C, which aro duc to length 
and tightness of bt. A and C should be rounding on thcir faces. The figures show the a ob 
Beagle of the pulleys and shafts, and also give good working proportions, the particulars having 

en obtained from machinery in use; but the motion of the belt, as shown, should be reversed. 

“This arrangement of quarter-twist belt, with intermediate guide pulley, will permit of ve 
short distance between the driving and driven shafts. A caxe in practice may bo cited, in whi 
the driving pulley is 40 in., the driven pulley 18 in., and the guide pulley 16 in. in diamcter, All 
of them are 8-in. face; and the shafts are 4 ft. 7 in. from centre to centre, vertically, This distance 
might be even less without injury to the belt, In the erection of this arrangement it was found 
necessary to set the face of the driven pulley 1 in. back of the centre of the face of the driving 
pulley, and to give the axis of the guide pulley an inclination of 30° to the horizontal line, 

“For shafts at right angles but not in the same plane, the belt running on four pulleys. Int E, 
Figs. 297 and 298, be the driving shaft with tight pulley A, and loose pulley B, and F the driven shaft, 
with tight pulley D, and loose pulley C ; all the pulleys of samo size, and with rounded faces in the 
usual way. Let the pulleys be arranged in a square on the plan, whose side is the diameter of 


ull ¢ centre of face, and let an endless belt be put on, as shown, and run in the direction of the 
ia acer aL era nellows © and B run in pay directions frum that of the 


lof the belt, they are relieved of heavy 
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, strain on the shafts, -This isa good plan for wide belts when the shafts are a proper distance apart, 
say ten times the breadth of the belt, and solves the sometimes difficult problem of carrying con- 
siderable power around u corner by a belt. There is no loss of contact of the belt on any of the 
pulleys of this system, and no lateral straining and tearing of the fibres of the belt, as in the usual 
quarter-twist arrangement, in which only two puley are used. The lowocr shaft may drive the 
upper one, as well, by changing the direction of motion, or changing the relative positions of the 
tight and loose pulleys. . 

“In Figs, 299 and 300, A is the driving pulley on a horizontal main line shaft; B the driven 
pulley on a mill-spindJe or upright shaft: C, a tightener on a shaft parallel to the main shaft, with 





hearings in @ frame, which, with tho pulley can be raised or lowered when required to start or stop 
the pulley B; D, a guide pulley on a verticlo shaft running in fixed bearings. The course of the 
belt is indicated by the arrows, This plan may be resorted to when the pulley A cannot bo placed 
on on oo shaft in a position to recive the belt directly from B, as in the case shown in Figs, 295 
anc ‘ 

“Fivs, 801 and 302 
show the usual method of 
transmitting power to 
shafts which are at or 
near right angles with 
the driver, and Figs, 803 
and 804 show an exten- 
sion of this method to 
driving two such shafts 
from one. Let A be the 
driving pulley on the 
main shaft, F H; D and 
Ki driven pulleys on the 
counters, at right angles 
to the main. Place two 
upright shafts, each with 
a loose pulley, so that its 
face will be opposite the 
middle of the fnce of A, 
ono to the right and one 
to the left ; over these pasa 
a belt as shown in the 
cuts, Tho belt will run 
either way in both. In 
Figs. 303 and 304 it will 
be observed that the driv- 
ing face of the belt is 
changed between the two 
pu eye D and E, which 
muy be avoided by givin 
the belt a half twist in this part, which we think, however, would injure the belt more than by 
using both sides of the same, Ovllars 0 and O aro placed over the pulleys B and C, and we have 
added the stationary fianges J and J to the uprights under the pulleys introduced by Wm. Sellers & 
Oo., Philadelphia, This device, whether applied to vertical or horizontal pulleys, is in every way 
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superior to flanges fast to pulleys which tend to lift the edges of the belts and turn th 
the other hand, when the belts strike stationary flanges, they are thrown back on the pulley ace 
seein, except, perhaps, in the case of soft, flabby belts, which aro hable to curl at the edgen and 


“ What cannot be done with the preceding methods of arranging the quarter-twist. b 
done by the guide pullcy devices shown in Figs. 305 and 306, in which the vertioal oylinedrical stuff 
A is secured by a flange J, and a brace G to an overhead timber A, or other fixture. Upon this 


SUL 





staff are placed two hubs F, held by set screws in any position, and cach formed with a flat fiee, 
to which » flanged bracket C 1s bolted. The upper bolt D 1s utilized as an avis, nbout which the 
bracket can turn, and the lower bolt KF, in a slot. permits the turning, and holds the bracket nt the 
inclination required by the belt. In tho centre of ench flange C 1s sceured a pin, I, upon whieh 
the pulleys B tuin. The facility with which these pullys may have thar axcs inclined to 
accommodate the angle of a bi lt passing fioma emaller toa huger pully, fiom a hightr toa lowcl 
shaft, and crossing to the opposite faces of pulleys, favours the cmployment of this combination, 
which has an all but universal adjustincnt, m many places where the previously di serbed mnangy - 
ments will not serve at all. A cnse which occurred m practice of belting two shafts, set at right 
angles, one abovo the othor, having pulleys of differont diameters which were to run in opposite 
directions, and all of them lying close to one anothcr, was disposed of successfully by the use of 
mechanism exactly like that in Figs. 305 and 
806, and this, with that shown in Figs 301 and 
802, sie methods «employed at the Peoples 
Works, Pluiladelphia, for belt driving around 
corners, and in confined places. 

“Two shafts at any angle with cach othcr may 
be effectively driven by two belts, cach having 
less than a one-cighth twist, and cach running on 
two pulleys, by placing a counter shaft above or 
blow and across the main lines at or near cqual 
angles to the main line shafts.” 

Holes for Quarter-turn Belt.—* Draw on alevcl 
floor, with chalk-line and tram, two full-size 
views of the pulleys and position of the floor 
through which belts are to pass; or lay them 
down on paper to a convenient scale, obscrving 
that that fuld of the belt which leaves the face of 
one pulley must approach the centre of tho face 
of the other in a line at right angles to the axis 
of the latter. Completing the figures as shown 
in Figs. 307 und 308, the points of intersection «, 
b, cand d, wrll indicate the placos in the floor 
at where the centres of ee folds of ae ett 
Ww when drawn tightly and at rest. 16 
obliquity of the spateeae best obtained by trial of tape line or narrow belt applied to the 

ey face in position, passin through small tria hols in the floor. Allowance in the hole should 
be roode for the sag of slack fold of belt. This is the usual shop method, 


30H. 





126 BELTS AND BELTING. 


Band Links.—Where tension alone and not thrust is to act along a link, it may be flexible, and 
may consist either of a single band or of an endless band passing round a pair of re 8 which 
turn round axes traversing and moving with the connected points. For example, in Fig. 309, A is 
the axis of a rotating shaft, B that of a crank pin, C the other connected point, and BC the line of 
connection ; and the connection is effected by means of an endless band passing round a pulley 
which is centered upon O, and round the crank-pin itself, which acts as another pulley. The pulleys 
are, of course, secondary pieces, and the motion of each of them belongs to the subject of aggregate 
combinations, being compounded of the motion which they have along with the line of connection 
B C, and of their respective rotations relatively to that line as their linc of centres ; but the motion 
of the points b and c 1s the same as if 6 c were a rigid link, provided that forces act which keep the 
band always ine state of tension. This combination is used in order to lessen the friction, as com- 
pared with that which takes Pare between a rigid link and a pair of pins; and the band employed 
is often of leather, because of its flexibility. 





In Fig. 310 is shown a substitute for the arrangement given in Fig. 309; in this an eccentric 

takes the placo of the crank, thus allowing a stiaight shaft to be used. When the eccentricity 

uals the radius of the ciank, the rosult is the samo, but experiment has proved, in the case 

of the eccentric used in the tieadle arrangement of the latter, that the motion lacks freedom, the 
trondlo moving heavily. 

Belt for Cooling Shaft-Journals,—An ingenious and simple method of cooling a journal consists 
in placing an endless belt of loose, water-ubsorbing texture on the shaft, as near the heated part as 
may be, and allowing the lower bight to 1un 1m cold water, which may be hcld in a vessel at a con- 
venient distance below the shaft. Continuous contact of the liquid band carries away the heat of 
friction as it is produced, without spilling or splattering uf water on and about the machinery, and 
without contact of the lubricant mm the journal boxes This method has becn ver y successfully 
applied to the shafts of the rolls of calico printing presses. 

Varietves of Belting. —Edge-laid Belts.—In Fig. 311 18 shown a method of constructing, o: building 
up, & broad, thick belt, which is said to give much better resulty than wide, thick belting mado in 
the ordinary way by sewing twoor more thick- 
NOsses ioeather ; as it givesa perfectly cqual and 
even texture throughout, und the belt is also 
alike on both sides. In making this vanety of 
belting, the hide 1s cut up into strips of the sume 
width as the int: nded thickness of the belt ; and 
along the centre of these strips, holes about 
4 in in diametor and 1 in. apart are punched. 

‘hrough theso holis wire nails are pnssed mn 
the mannor shown in the figure, their length QR yaw 
being rather greater than half the width of the Sy 
belt. After all the strips have been built upon 
the nails, the ends of the latter are tarned down 
and driven into the leather, thus making a firm 
strap without any kind of cement or splicing. 
When it is required, for any reason, to shorten 
n strap of this kind, it is only necessary to take 
it apart at the step line DD of the splice, and after having cut off from each step at one end of the 
strap the length desired, to ae up again with wire nails; which at this part of the strap should 
be sufficiently long to pass through the whole width. 

Round Belts——Round belts cut off less light, occupy less room, make smaller holes in the floors, 
and require lighter driving pulleys to carry them, and thus save power. In running round belts of 
cat-gut or hemp the ves in pulleys should be made with a triangular, or Y section, so thut the 
belt touches the pulley in two lines only, tangential to the sides of the groove; in this case the 
friction of the band, and Lag eared its driving power, increases in proportion to the decrease of 
the angle of the poe The best form of groove is one in which the section corresponds somewhat 
to the form of a Gothic arch, that is of a triangle with curved sides, as shown in Fig. 812. 
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Miller’s round belts or cords are made by scarfing the edges of a broad : 
lengthwise, not spirally, but in & horizontal fold, so as to form a paiforls we 45 hey rips i Bp 
small central bore; the eds being of course united in o permanent manner. From a number 
of experiments made with this belting it was proved that the }-in, round belt is more thin equal 
to a l-in. flat; and the ¢ in. round more than equal to a 8-in. flat. The economy of space and 
materials, and the diminished fiiction in shafts and journals, which may thus be obtained by the use 
of round belts, are points of great importance to the manufacturer. y 


313. Mm 





In Figs. 313 and 314 is shown a combined fast and loose pulley for round belts, invonted by John 
Shinn, of Philadelphia. The round belt f fits in a groove formed betweon two halt-pulleys, of 
which A’ is fixed and A slides upon a fixed key on the shaft B; betwoen A’ and A, and runing 
loosely on the shaft, is a flut-faced pulley C; when A 1s separated from A’ a short distance, the belt 
f will cease to turn thom, and will run on and turn C insterd = The belt diives the shaft B only 
when pinched between the half grooves of A’ and A. The lever D, when moved in the direction 
indicated by the arrow, withdraws the half sheave A, and permits the belt to run on the loose 
pulley. Simple and officient means for holding the parts togcther, and drawing one half from the 
other, aro shown in the figures. 

Hoyt § Co’s Angular Belting.—This consists of a belt of a trapezoidal form, to he used in eon- 
nection witha Y-shaped or angular-grooved pulley. The angular belt has a greater surface brought 
into contact with the pulley than with any other kind. It will wedge itself into the groove and 
resist any slipping action during the rotation of the pulley, so that the more strain put on one 


315 





side of the belt the tighter will it be held in the groove; not ¢ 
being liable to slip on the pulley, it may be used very loose, 
causing less friction, and giving 1t certainty and regulurity of 
motion, These belts have been used with success when other 
bands have failed entircly to impart motion to machinery. 
They are made without a joint in their length; and when 
the width requires more than one thickness of Ieather the 
belt is connected, then riveted or screwed, so that the fasten- 
ing will not come in contact with the pulley. 
Underwood's Angular Belting, oe 315 and 31f, consists 
of @ number of narrow leather bands, laid a-top of one 
another, lapping and breaking the joints, in order to secure 
the greatest combined strength. To the under side of this 
compound band are fastened short piles of louther, of equal 
length, forming blocke, cach being sccured to the band by two 
iron rivets, as shown in the fi - Bliss four Lau : oe 
continuo seces K and shorter pieces I, inter- ae 
posing, held capediek by the rivets F; all are shaped to the angle C D E, which is the correct 
angle of groove for the wheels, The length of the blocks K is made as short as construction will 
permit, in order to increase the surface o! contact while bending in the groove of the wheels; the 
Pieces I are made shorter to give more flexibility to the band, for w ich also the blocks are 
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separated by a narrow space. Tho elasticity of the leather is sufficicnt to allow of the necessary 
bending of the four united bands without injury to the fibre, as it is not intended to use this belt 
over pulleys of small diameter. The four bands J thus constituting the ‘ wrapping connector’ and 
tensionul strength of this system, while the blocks K form the frictional wedges, so to speak, and the 
sloping edges of all in the angle of the groove contribute to the great adhesive power possessed b 
this driving belt. The ends of this belt are joined b ee the opposite faces of the part 
for 18 in. or 20 in. of its length, and then uniting the whole by bolts having washers and nuts at F, 
and with heads inside, similar in size and position to the rivets; or the separate strands may bo 
joined, the top one say at O, the next one at P, and in no case having more than one joint between 
any pair of riveta, 20 in. of this belt, 2) in. wide, weighs 2 Ibs.; 21 in. of the 3-in. belt weighs 
8 lbs. The width beiug measured across M N. 

The driving capacity of this kind of belt is evidenced by those used in the N. H. 
and N. Y. Railroad shops at New Haven, Conn., where a 22-in. double leather belt, weighing 
24 Ibs. a square foot, running on pulleys of 6 ft. and 4 ft. diameter, and 164 ft. distant 
between centres of pulleys, with a quarter twist, and slipping under a load of 75 to 80 horse-power, 
with noiso that could be heard 1} miles away, was 1eplaced by two 24 in. angular belts, on 
Y-grooved wheels of the samo diameters. After sixteen months of running, one of the angle belts 
was removed; this, of course, put all the work on the remaining one, and this one carried the whole 
load with apparent ease. Afterwards one-third more work wus done by this belt without slipping, 
visible straining, or injury. 

Rubber Bclts—Rubber belts should possess a smooth, polished face; and, as a rule, tho brighter 
the polish of the face of these belts the better will be their working condition. Before starting a 
rubber belt the dust should be brushed off its face, and if it begin to polish there will not be any 
trouble with it. In sugar refineries, and in all places whcro they are subject to the combined 
influence of heat and moisture, rubber belts are suid to answer much better than those made 
of leather; and also when used as elevators. Generally, however, under the same circumstancos, 
and on the same machines, these bands will not last or wear as long as leather; for, whon once they 
begin to give out, it is next to impossible to repr them. Leather belts, on the other hand, are 
eusily repaired, and when of no further value as belts they can be sold for other purposes Wide 
belts cannot be cut up into narrow ones, as leather can be. Neither can they be uscd for cruss or half- 
cross belts, for shifting belts, cone-pulleys, or for any place where bults are liable to slip, as friction 
goon destroys them; 8 few moments of quick motion or friction often causing the gum to roll off tho 
canvas in such quantities as tu completely spoil the band. Duiing freczing weather, if moisture find 
ita way into the scams, or betweon the diffcrent layers of canvas composing these bands, and become 
frozen, the layers will be torn apart and the band spoiled ; or if a pulley become frosty the parts of 
the band in contact with it will be torn off from the canvas and leit on the pulley, ; 

The following is a dcscription of tho indiarubber belting manufactured by the New York Belting 
Company, at Nowtown, Conn. ;—This belting is made of heavy cotton duck, of a uniform and non- 
elastic character, woven speciully for the purpose, with the warp much stionger than the filling; it 
weighs 2 lbs. per yard, and is cut by machinery into strips of a perfectly regular width. Single 
ships of this duck will boar a tensile strain of 200 lbs. per inch of width. This belting is vulcanized 
between layers of a metallic alloy; by which proccss the stretch is entirely taken out, the surface 
made pertectly smooth, and the substance thoroughly and evenly vulcanized. It is manufactured 
by a process by which unusual firmness and solidity are obtained, thereby obviating some objections 
heretofore urged against indiarubbor belting made in the old way. It has a smovth and even sur- 
face. It scldom requires tightening more than once. It will always iun straight; will stand hent 
of 300° Fahr. without being affccted, and the severest cold will not stiffen it or diminish its plia- 
bility; is much stronger than leather, and more durable, It can constantly be run in wet places or 
exposed to the weather without injury. A 5-ply rubbor belt, 12 in. wide, as now manufactmed, is 
considered equal to a doublo leather belt of the same width. 

Tho comparative adhesion of vulcanized gum and leather belts to the surfaces of pulleys is a 
question of great interost to manufacturers; and in order to satisfactorily decide the point, a series 
of experiments were made by J. H. Cheever, the results of which are here given ;— 

« The apparatus consisted of three equal size iron pulleys, with faces turned in the usual way 
and secured to a horizontal shaft also fixed. One of these pulleys was used without covering, ono 
was covered with leather, and one with vulcanized gum. In the first set of experiments a leather 
belt was used of good quality, 8 in, wide and 7 ft. long, with 32 lbs. weight attached to each 
end, and the belt thus prepured was laid on the iron face ‘gant Additional weights were then 
attached to one end of tho belt until it began to slip, which was in this case found to be 48 Jbs, 
When this weighted belt was placed on the leather-covered pulley it required a weight of 64 Ibs. to 
slip it; and when on the gum-covered pulley it required 128 Ibs. to slip it. In the second act 
of experiments, a 3-ply vulcanizcd-gum belt of the same width, length, and thickness was used, and 
to each end was attached the same weight as in the other caso. To cause this belt to slip on the 
iron-face pulley required 90 Ibs, additional weight; on the leathered-covered pulley, 128 lbs. ; and 
on the vulcanized-gum covered pulley, 183 lbs. In the third set of experiments, the shaft with all 
the pulleys secured thereto was permittcd to turn freely in its bearmgs. Oneend of the belt was 
fastened to the framework of the et setuid and to the other end was attached a wight of 82 Ibs, 
as before. A rope was wound several times around one of the pulleys, with one end «made fast to 
the rim, and the other allowed to hang freely downwards; tv this end weights were attuched 
sufficient to produce rotation of the shaft. The results were the samo, requiring in effect the same 
amount of weight on the end of the rope to rotate the pulleys under the belt as it did on one end of 
the on bi oe ri es ee pure. 

Ru ta shou cut ¢ sixteenths of an inch short for every foot of length requi 
After running, faa Sige three weeks, take up the slack and they will apeied| again Bequite ae ah 
To fasten the of narrow belts, make two holes in each; put the ends together, and unite 
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by strips of lacing leather in the way usual with 1 

lap the joint evenly on the outside, with a ne of a een Maen soe Sane 
the belt, and rivet, sew, or lace tho same firmly to cach end of the belt. If bel a 

dust or other ca they should i i i Borin aL arty 

: uses, they should be slightly moistened on the pulley side with boiled linseed oil 
making several applications if necessary. Animal oils must never be used, and belts should be 1r0- 
tected, while running, from contact with such oils. Should the rubber, from long use or elie 
cause, be worn from the surface of the belt, give it a cout or two of Icad paint containing sufficient 
jepan to dry quickly. For belts which are shifted, put rolls on the shiftor hars with axes inlined 
towards each other at top and bottom, according to circumstances, which has the effect to preas the 
faces of the belts, and relieve the edges from wear. By this plan belts are moro easily shifted than 
by the usual method, and the liability to injure the edges entiroly prevente.  U. lat -headod 
rae or a | securing elevator buckets,” ° ee enone 

n rubber ts laced, as shown in Fig 257, the tearing of the holes be { 
breaking strain. After being subject to a strain of one taeli for Gael yas. ee 
a slight addition being made to the weight. Under a strain of one-cighth they showol no nigus of 

fracture at the end of a weck. Eyeletting the holes brought the standing point up to that of leather 
belting, the clinching of the metal on the cotton fibre, or filling, reducing the tendency to tour. 

Belting of Intestines.—In America a varicty of belting is made from the entrails of sheep, which 
average some 55 feet in length. They are thoroughly cleaned, and subjected for rome days 
to the action of brine, and aro then wound upon bobbins, after which the process is the sine 
as making common rope. If a flat belt is required » loom is employed, and tho strands aro woven 
together. A  3-inch rope thus made will stand a strain of 7 fons, and 1s gunrantced to lust ton 
years ; the best hemp rope of same thicknoss has a life of about three yoars. 

i caper Belting.—The following is a description of Crane’s Paper Belting ;— 

_ © The bolts are manufactured from pure linen stock, and can be made of any desired thickness, 
width, and length, but are recommended only for straight and unshifted belts, none being made 
less than 5 inches wide. They will not strotch nor change shapo, and being made all in ono picee, 
of even thickness, will run smoothly and straight. They adhere to the pulleys very closely, and 
generate no electricity while running. They are quite floxible, and do not crack in’ passing over 
pulleys cven ag small as 6 inches in diameter. They are not affected by heat at ordinary tempern- 
tures, nor by dust or oil, but will not run in water; being very tough, they answor for clevator 
belts, holding the bolts well and running in a direct lino without swinging from Kide to side, 
Compounds similar to those used for stuffing leathor belts, or black lead mixed with sperm oil, 
are very good to apply to these belts whon dry and slipping. 

“In lacing narrow paper belts butt the two ends together, and make two iows of holes in each 
end, as shown in Fig, $17, thus obtaining a doulle hold, and lace 
with lacing leather. For wido belts, where extra strength is re- 
quired, rivet pieces equal in length to width of belt on back of 
cach end, and make tle connection with lacing as before. This 
belting should, in all cases, be put on by the use of clamps, 
secured firmly to each end of the belt, and drawn togother by 
bolts running parallol with and outside tho edge of the belt, 
making no allowance for stretch. Wide belts, in dry pluecs, 
can best be connected with Wilson’y belt hooks, riveting down 
the teeth, thus making a connection that will not wear out. 

Steel Belts—The employment of steel belts has been recommended as an experiment worth 
trying; and the fact that, in the cuse of » band saw, the power ix transmittcd by frietion on tho 
lower pulley, as high as 15 horse-power being i some cases effectively transmitted by such a saw, 
is a proof of the entiro udaptability of stcel to belting purposes. ‘The tensile stre neth of low steel is 
such, that it is calculated that a belt of this material, 1 ft. wide and jy in. tek, could, with a 
safe working strain, the samo in proportion to actnal strongth as that which 15 allowed in ordinary 
belts, transmit 900 horse-power. So far as ability to bear tcusion is concerned this is certainly 
enough and to spare. 

_ Cotton Belting. —This is mado of tho best cotton folded and sewn together, after being saturated 
with a composition, to prevent the actiun of the atmosphere affecting the material. A butt joint, 
as Fig. 317, is most suitable for cotton belting. Oil paint applied to the pulley while running will 
prevent cotton belts from slipping. 

Belts or bands of shcet-iron have a 
results; as an example we quote the following, by John Spiers, : ; 
_ “A lathe used for turning rolling-mill rolls, compound geured, has a 48-in. pulley on it; this 
is driven by an 18-in. pulley on the counter-shaft, which mmakes 120 revolutions « minute, and 

i with smooth turned 


is 8 ft. from the 48-in. pul ao to centro. Both pulleys are of iron, fie damineioel 
n the turning tou 


faces. A 7-in, double leather belt was used on theso pulleys, but wonld slip whe 
sia sheet-iron, the same ag used for Htove- 


became dull. This belt was replaced by one made of Russia & i era 
pipes and parlour stoves, and was rivoled together in the ordinary way; it was 7 In. wide, aud was 
2 in, longer than the leather belt. This extra Jength making up for a want of elasticity in th« iron, 
During one yeai’s steady run this iron b It could nut be slipped, even when a houvy ‘cut” ona 
25-in. roll was taken, which broke o ‘Sanderson’ steel tool having a section of 2 x 24 in, a 
cutting surface of 2} in., a foed of } in. a revolution, and an overhang of 4 in. ago as 
Books on Belting —Welch (E. J.C.), ‘ Designing Belt Gearing,’ 18mo, 1875. Box (T. Ds, Practical 
Treatise on Mili Gearing,’ crown 8vo, 1877. Cooper (T.), ‘ Treatise on the Use of Belting,’ 8vo, 1878. 
BLASTING. : 
The operations involvcd in blasting are very simple. They cor 
in the rock to be dislodged, in inserting a quantity of some explosive com| 
end of the:e holes, in filling up the remaining portion of the holes with suita 





Iready been tried, on several occasions, with very satisfactory 
of Worcester, Mass. ;— 


consist in boring suitable holes 

mpound into the farther 

ble material, and in 
h 
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al pat the charge. These oporations are known respectively as boring, charging, tamping, 
and firing. 

; Before, however, the mode of conducting these operations can be understood from description, 
it is neceasary to have an accurate and a complete knowledgo of the nature, form, and construction 
of the tools, machines, and other appliances used. For though these are all of an exceedingly 
simple character, they possess featuros requiring attention. Muachiuo rock-drills will be considered 
Paha article. In the present, attention will be confined to the best methods of applying these 

rills. 

Of the tools used in rock boring, the drill, or borer, is the chief. The form shown in Fig. 818 
is that of the common jumper. It consists of a wrought-iron rod terminating at each end in 
a steclod chisel edge, and having a swell, technically described as the bead, between the extremities 
to givo weight to the tool. Tho bead divides the jumper into two unequal 
portions, each of which constitutes a chisel bit, with its shank or stock. The 


318. 319. 320 
shorter stock is used while the hole is shallow, and the longer one to continue 
it to a greater pepe With the jumper, the blow is obtained from tho direct 
impnct of the falling tool. The mode of using the instrument is to lift it 
with both hands to a height of about a foot, and then to let it drop. In 


liftmg the jumper caro is takin to turn it partially round thut the cutting 
edge may not fall twice in the same place. By this means the edge iy made 
to operate most favourably in chipping away tho 10ck, and the hole is kept 
fairly cireulur. 

So long as the holes are required to be bored verticully downwards, the 
jumpor is a convenicnt and very efticient tool; aud hence in open quarrying 
operations it is very commonly employed. In the Welsh slate quarrios it ig 
in general use. But in mining the shot holes are more often required to be 
bored in some other direction, or, as it is termed, at an angle; that is, at an 
anglo with tho vertical. Or it may happen that a shot-hole is required to 
be bored vertically upward. It is apparent that in any one of these dirce- 
tions the jumper is uscless. To mect the requirements of such cases, recourse 
is had to the hammer wherewith to deliver the blow, und tho drill is eon- 
structed to be used with the hammer. A suitable form of tool for application 
in this manner is obtamed by cutting out the head of the jumper, and leaving 
the onds flat for a striking face, as shown in Figs. 319, 320. The form of 
the two chisels thus obtained is that adopted for the ordinary rock drill. 

It will bo understood from the foregoing description that a rock drill con- 
sists of the chisel edge or bit, the stock, and the stiiking face. Formc rly 
drills were mado, ag jumpers are still, of wrought iron, and stecled at cach 
end to form tho bit and the striking face. Now they are commonly made of 
east steal throughout, The advantager afforded by steel stocks are nume- 
rous. The superior solidity of that material renders 1t capable of trans- 
mitting the foree of a blow more effectually than iron. cing stronger 
than the latter material, a smaller diameter of stock, and, consequently, 
a less weight, are sufficient This circumstance tends to give greater effet 
to the blow by diminishing the mass through which it is transmitted. On 
tho other hand, a stecl stuck is moro ewsily bioken than one of iron. 
Usually the stock is octagonal in section; in length it varics from 20 in. 
to 42 in. The shorter the stock the more effectively doos it transmit the force of the blow; 
therefore it is made as short ns possible. For this reason, several lengths are employed in 
boring a shot-hole, the shortest bcing uscd at the commencement of the hole, a longer une to continue 
the depth, and a still longer one, sometimes, to com- 
plete it. To ensure tho free working of the longer 


321. 322 323. 
drills, tho width of the bit is slightly reduced in cach 
length. Also to enable the tool to free itself readily 
in the bore-hole, and to avoid introducing unnececssary 
weight into the stock, the bit 1s made wider than the 


latter. The difference in width varies from } in. in 

drills to be used in hard rock, to 1 in. in those to be 

used in coal. It is evident that the liability to frac- 

ture increases with the difference in width. The edgo 

may bo straight o: slightly curved. The straight 

edge cuts its way somewhat more freely than the 

curved; but it is weaker than the latter at the corners, a circumstance that renders it less suitable 
for very hard rock, Figs. $21 to 828 show the straight and the curved bits, and the angles of the 
cutting cdges. The following proportions are the average adopted for the width of the bit ;— 


Width of the Bit. Diameter of the Stock. Width of the Bit, | Diam: ter of the Stock. 
1 inch. $ inch. | 13 inch. 1} inch, 
li, 2 5 2 inches. 12 ss 
1} 9 i ” 21 ” 1} 99 
1i,, | 1.4, | 2, ig, 


The striking face of the drill should bo flat. The diameter of the face is leas than that of the 
stock in all but the smallest sizcs, the difference being made by drawing in the striking end. The 


BLASTING. 181 


amount of reduction is greater for the largest diameters; that of the striking face boing rarely more 
than seven-eighths of an inch. 

The tempering of drills is a matter requiring careful attention. Upon this the satiafuctory 
peer of the work of excavation often largely depends, Tho degreoof temper is to be determined 

y the pe of the steel, and by the character of the work to be performed. Theo larger the pro- 
portion of carbon present in the metal the lower must be the temper. The state of the blunted odges, 
whether battered or fractured, will indicate what degree of hardness it is desirable to produce, 
Tho selection of the proper colour is a subject for the exercise of judgmont on the part of the smith, 
Straw colour is generally the most suitable when the boring is in very hard rock, and a light-bluo 
when the rock is only of modorate hardness. 

Drills, as wo have already said, are used in scts of different lengths. Tho sets may be intended 
for use by one man, or by two. In the former case they are described as singlo-hand sets, and they 
contain a hammer for striking thodrills; in the latter case, tho sets are spoken of as double-handed, 
and they contain a sledge instead of a hammer for striking. 

The distinction between a hammer and a sledge is founded upon dimensions only: the hammer, 
being intended for use in one hand, is made comparatively light, und is farnished with a short 
handle, while the sledge, boing intended for use in both hands, is furnished with a much longer 
handle, and is made hiavier. The striking face of a blusting hammer, or sledge, is made flat, to 
enable the striker to deliver a direct blow with 34, 396, 
certuinty upon the head of the drill; and to 


facilitate the directing of the blow, as well aos ‘oma 
to increase its effect, the mass of metal of which 


324. 
$ 330 

the head is composed is concentrated within 
a short length. It is well to chamfer or 
bevel down the edges of the striking faco to 
cause the sledge to fly off from the head of 
the drill in the case of a false blow being 
struck, and thereby to prevent it from deseend- 
ing upon the hanilor the man who holds the 
drill. The hend of a sledge is of iron; it con- 
sists of a pierced central portion called the 
eye, and two shanks or stumps, tle st: eled cnds 
of which form the striking fuces or panes. 
The form of the head varies in different locali- 
tics, A very common one isshown in Figs. 324, 
325, and is known as the bully pattern. By 
increasing the width at the eye, we obtain the 
broad bully, the former being called, for the 
srke of distinction, the narrow bully. Another 
common form is the pointing pattern, shown in 
Figs. 326, 327. The weight of a sledge head 
may vary from 5 lb. to 10 th.; a common and 
convenient weight is 7 1b. The length of the 
handle or helve varies from 20 in. to 30 in.; 4 
common length is24in. The average weight 
of hammer heads is about 3 Ib., and the 
average length of the helve 10 in. 

Other tools besides the drill and the hammcr 
are needed in preparing the hole for the charge a a 
of explosive. When the bore-hole is inclined as ° 
downwards, the rock débris or bore-meal made by the diill :emains in the bottom 

io) 
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of the hole, where it is converted into mud or slndge by the water there present. 
This sludge has to be removed as the work progresses to keep the rock exposed 
to the action of the drill. For this purpose a simple tool, called w scraper, is 
used. It consists of a rod of iron from } in. to 4 in. in diameter, and of sufficient 
length to reach to the bottom of the bore-hole. One end of the rod is flattened 
out on the anvil, made circular in form, and then turned up a right angle to the 
stem. The dise thus formed must be legs in diameter than the bore-hole, to allow 
it to pasa easily down. When inserted in the hole, the seraper is turned round while it 
is being pressed to the bottom; on withdrawing the instrument, the sludge is brought up upon the 
disc. The operation, two or three times repeated, is sufficient to clear the bor -hole. The other 
end of the scraper is often made to terminate in a ring for convenience m handling, as in bigs. 
828, 329. Instead of tho ring, howover, at one end, a dise may be mado at each end, the dises in 
this case being of different diameters to render the scraper suitable for use in different size bore- 
holes. Sometimes the scraper is made to terminate in a spiral hook or drag-twist, a# it is called, 
The use of the drag is to thoroughly elcanse the hole before inserting the charge. A wisp of by 
pushed down the hole, and the drag end of the acraper is introduced ufter st, and turned round ti] 
it has become firmly entangled. The withdrawal of the hay by means of the drag wipcs the bore- 
hole clear. Instead of the drag, tho loop is frequently employed. This ig a loop or eye through 
which a piece of rag or tow is passed. The rag or tow 1s used for the aiine purpose as the hay, 
namely, to thoroughly cleanse and dry the bore-hole previously to the insertion of the charge, 
When the bore hole has received its charge of explosive, and the fuse has been Inid to the latter, 
it has to be tamped, that is, the portion above the charge has to be filled up with sume suitable 
substance. For this purpose a tamping iron, rammer, or stemmer, ae the instrument is variously 
called, is required. This instrament is shown in Figs. 330, 331. It consists of metal bar, fhe tamping 


O 


331. 
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end of which is grooved to receive the fuse lying against thé side of the bore-hole. The other end 
is flat, to afford a pressing surface for the hand, ora striking face for the hammer when the latter is 
needed. To prevent the danger of accidental ignition from sparks caused by the friction of the metal 
against silicious substances, the use of iron stemmers is prohibited by law. They are usually made 
of copper, or of phosphor-bronze, the latter substance being more resisting than the former. 

Another tool, which should, however, be considered as an extra or auxiliary mstrument, rather 
than as an essential part of a blasting set, is the claying iron or bull. Its use 1s to force clay into 
the interstices in the bore hole for the purpose of shutting back the water m very wet ground. It 
consists of a round bar of iron, called the stock or shaft, a little less in diamcter than the bore-hole, 
and a thicker portion, called the head or pole, terminating in a striking face. The lower end of the 
shaft is pointed to enable it to penctrate the clay, and the hend is pierced by a hole about | in. in 
diameter. Clay in a plastic stute having been put into the bore-hole, the bul! is inse:ted and driven 
down by blows with a sledge. As the shaft foices its way down, the clay 1s driven into the joints 
and crevices of the rock on all sides. To withdraw the bull, a bar of iron is put through the cyc, 
and used ag a lever to turn it round to loosen it; the rod is then taken in both hands, and the bull 
lifted out. <A slight taper is given to the shaft to allow it to be oxtract:d more easily. 

It is desirable to describe lcs the drills or borer-bits used with machines, since they can hardly 
be treated of in an article devoted to the consideration of the latter, and thei: form and dimensions 
are matters of great practical importance. ‘The dimensions are determmed mainly by two con- 
ditions, numely, the necessity for sufficient strength in the shank or stock of the tool, and that for 
sufficient space between the shank and tho sides uot the hole to allow the rock debris to escape readily. 
It has been found by experience that these conditions are best fulfilled when the distance between 
the gid¢s of the hole and the shank of the tool is from », in. to} in. The form of the ens 
edge is determined by soveral conditions. That first adopted was the chisel edge given to the han 
drill, Later, to increase the useful effect of the blow, the edge was doubled, the bit being formed 
of two chisel edges inters: cting cach other at nght angles. This bit, which from its form was called 
the cross bit, was found to penetrate the rock more rapidly than the straight or chisel bit. At the 
commenccment of the hole, the gain in speed was very marked; but it duninished gradually as the 
boring progress d, owing to the difficulty with which the débris escaped. To remedy this dc fect, 
the cutting edges were next made to cross each other obliquely, so us to form the letter X. In this 
way, the two chisel (dgcs were retained, while the breadth of the bit was considerably reduced. 
This form, described us the X bit, cleared the hole much more effectively than the cioss, but not in 
@ manner that was altogether sutisfactory, Another modification of the form was therefore made, 
and this time thut of the Z was udopted, the upper and the lower portions of which were arcs of 
eircles, struck fiom the centro of the bit in the direction contrary to that of the rotation. This form 
of tool, which is known as the Z bit, readily cleared itself of the 10vk debris But besides this 
advantage, it was found to posscsy others of an important character. In the chisel-cdge forms, the 
corncrs of the bit were 1apidly worn off by friction against the sides of the bore-hole. In the Z 
form, this wearing no longer occurred, by reason of the large surface exposed to friction. Another 
advantage of the Z form lies in its tendency to bore the hole truly citcular, Gencvally, then, it may 
bo stated that this form satisfies most fully the deter- 
mining conditions. ‘The form of bit, however, that is 


332. 334, 336 333, 
most suitablo in any given caso will be determined by 
particular circumstances, Of those, the nature and the 
character of tho rock will operate most powerfully to in- 
fluence the choico, Thus the cross bit will generally be 
found to be the most suitable in fissured rock, while the 
single chixel edge may be used with advantage in rock 
of a very solid and hard character. Indeed, on the judi- 
cious sclection of the most suitable form of cutting 
335. 337, 


edge, the success of machine boring largely depends, 
The forms of bit described are shown in Figs. 382 to 339. 
As in tho case of hand-boring, each successive length of 
drill must diminish slightly mm the width of its cuttin 
edge; a diminution of about g; in. may be considere 
to be sufficient. Care should, however, be taken to ensure 
tho moper dimensions being given to the edge; and to this end, it will be found advantageous to 
have at hand an accurate gauge, through which the tool may be passed previously to its being fixed 
to the machine. It is important also that the tcol be truly centred; that is, the centres of the edge 
of the bit, of the shank, and of the piston rod should be perfectly coincident, 

The foregoing descriptions relate to the tools employed in boring the shot-holes, It remains to 
treat bricfly of those appliances which are used in firing the charges, after these have been placed 
in the holes. The moans employed for exploding the charges are of two kinds; in one kind, com- 
bustion is made to take place slowly, in order to allow time for the men to make good thvir retreat 
from the spot; in the other, the firing material is acted upon at a distance. The former means 
consists generally of a train of gunpowder, so placed that ignition of the grains must necessarily be 
gradual and slow. The latter means is electricity acting upon a suitable substance. 

The old, and in some parts still employed, mode of constructing a slow train was as follows ;— 
An iron rod of small diameter and terminating in a point, called a pricker, was inserted into the 
charge, and left in the bore-hole while the tamping was being rammed down. When this operation 
was complete, the pricker was withdrawn, leaving a hole through the tamping down into the charge. 
Into this hole a straw, quill, or other like hollow substance, filled with gunpowder was inserted. A 

iece of slow match, usually touch-paper, affixed to the upper end of this train, served to light it. 
he combustion of the powder confined in the straw fired the charge, the time allowed by the slow 
burning of the match being sufficient to enable the man who ignited it to retire to a place of safety. 
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A far more efficient means of firing is the safety fuse invented by W. Bickford. This fuso, shown 
full size in Fig. 340, consists of a flexible cord pone? of a central core of fine gunpowder, sur- 
rounded by hempen yarns twisted up into a tube called the countering. An outer casing is made 
of different materials, such as tape, thread, or guttapercha, according to the circumstances under 
which it is intended to be used. A central touch thread, or, in somo Cases, two threads, passes 
through the core of the gunpowder. The details of the manufacture have already been given in 
a former article of this Dictionary. Safety fuse, which in externnl appearance resembles 
@ piece of plain cord, is fairly certain in its action; it may bo used, with equal facility, 340. 
in holes bored in any direction and is capable of withstanding considerable pressure 
without receiving injury ; it may be used without special means of protection in wet 
ground, and it may be transported from place to place without risk of damage. In 
using this fuse, a sufficient length is cut off to reach from the charge to a distance of 
about 2 in., or further if required, beyond the mouth of the shot-hule. One end is then 
untwisted a little to loosen the train, and inserted into the charge to a depth of about 
half an inch. The fuse being held against the sides of the bore-hole with the other 
end projecting at Ae it, the tamping is put in, and the projecting end of the fuse 
slightly loosened, like the other end. The match is applicd directly to this part. The 
ae a panne is about 30 in. a minute. Safcty fuse is usually sould in cuils of 24 ft. 
in length. 

The application of electiicity to the ignition of charges in rock blasting offers 
numerous and very great advantages. These advantages are of two kinds, namely, those 
due to the simultancous discharge of the blasts, and those which follow from the nature 
of the means of ignition. Simultancons firing lessens the total amount of work to 
be done by the explosive agents employed. As an illustration, suppose a free rock 
face AB, Fig. 341, behind which are thice shot-holes afc. If « be fited first, the 
lines of fracture will run in the directions « m,an, and a wedge-shaped picee, a mn 
will be blown out. The subsequent firing of b will cause the lines of fracture to run 
in the direction b 0, bp, and wil} force out a trapezoidal block bo np, leaving a bosa 
abo, and the explosion of the shot ¢ will subsequently,and in like manncr, by causing 
the lincs of fracture cq, cr, bring out the block cq pr, and Jeave the bosac 4. But 
if these three shots be fired simultuneously, the lines of fiacture will run im the 
directions am,cr,ac. In this case, the lines of fracture are much shorter than in the 
preceding ; there is, therefore, less work to be done, und consequently a smaller quantity 
of explosive will be required. ‘Thus there is an advantage on the side of ceonomy 
obtained from the simultaneous firing. and it is evident that this advantage will 
increase in importance with the number of shots fied tovether, But it will be observed 
that this simultaneous firing leaves no projections or bosses, the face being brought 
away comparatively clean and smooth. This is another advantage of no small import- 
ance. Aleo by firing the shots ut one instant, there is a saving of time, which in many cases may 
be of some importance. 

Of the advantages which follow from the nature of the means of ignition employed, the greatest 
is, perhaps, the increased safety of those engaged in the blasting operations, ‘The fuses in the 
several shot holes having been connected together, and put into the ci:cuit formed by the Icading 
and the return wires, the men retire 
for the blusts to be fired, and the cx- 311. 
plosion cannot take place until they have 
withdrawn to the place of refuge pro- 








4 iT eT yey fy] Pd sete) | Ni) gt “7 
vided. With safety fusesit is otherwise. “QA Tae DA gti 4 in at 
The fuse is ignited in the presence of Te scl beartontilen ve soreaaa per BesLUTE, | [1 
at least one man, and the burning cun- Vi ah MULL 
tinues during the time that he is hasten- mu Behl Ad) 
ing away. Should the fuse, or one mA a 
portion of it, prove di fective and run, a v4 quite 
as it is termed —that is, burn too Ath 
rapidly—the chargeman is exposed to AY, 


great danger; but with the electric LSet Sep ii 
fuse, the blast is fired at the precise if \ aft 

moment desired, when it has becn ascer- We i HH HTT 

tained that all are under shelter. It will Sere OS 

need but little reflection to see that this cor ity of acci 
condition is one which is highly conducive to the safety of those employed. But the ma jorry rae 
dents in blasting arc due to missed shots, or rather to shots that aro erroneously supposed to hh oe 
missed. Not unfrequently the continuity of the gunpowder train ina plece of safety fuse is interrupted, 
and the burning ceases at that point. But in sucha case the covering will smoulder like sake per 
until it has again started the train beyond the point of interruption. The operators, believing t H sho 
to have missed, return to the working face, only to be blown to pieces by the unexpr ete d oxy Lae 
of the charge. Against this danger electricity affords perfect accurity, for if a at fails = ox ae e 
when the current is sent through the circuit, by no possible chance can it explode a ate are } UB 
the advantages on the side of safety are greatly in favour of «lectrical firing. aay sr rs mi a 
notable gain of speed due to the same cause. From fifteen to twenty minutes are alluwer # bs sia 
befure the men return tu a missed shot. Now, though hang-fires and miss-fircs, due i de sees 
manufacture, are not of very frequent occurrence when fuses of gond quality are eve t sings . a 
occasioned by the fuse being severed by the explosion of an adjucent shot are, in cloze Li ings au 
shafts, every-day events. By waiting the prescribed time, much delay is occasioned. i i y 18 
entirely ayoided by the use of electricity, for then tl.c missed shot may Le approached at once. 
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hbaaia a : e body of men are employed, and when specd is a primary requirement, this is an 
mportant advantage. 

The Austrian chief inspector of railways, Hofrath Ritter yon Pischoff, thus expresses himself 
concerning the advantages of electrical firing;—“A greatly increased amount of work and a 
notable saving of cost is effected when the shots can be so disposed, and fired as to mutually assist 
one another, Thexse resulta are obtained by the use of electricity as the firing agent. The experi- 
ence which has been gained at the Buchenberg cutting, where the method of firing by electricity 
has been extensively adopted, has shown that, when properly employed, this mcans allows, in com- 
arb with the ordinary methods, twice the amount of work to be performed in a given time. It 
8 therefore strongly recommended to adopt electrical blasting whenever it is a question of economy 
of time aud of money.” 

The requirements of practice may be summarised as follows ;—1. Electric fuses should be so 
constructed as to be easily applicable to the charge of explosive used. 2. They sliould not be 
eapablo of being injured by rough handling. 3. They should be so prepared that iis opcrator may 
have no trouble or difficulty in putting them into circuit. 4. They should be certain to explode 
under ordinary conditions of firing. 5. They should explode simultaneously in large numbers. 

There are two kiuds of electric fuses in use, known respectively as tension and quantity fuses; 
because the furmer are fired by means of a current of small quantity but high tension, and the 
lutter are fired by means of a current of large quantity and low tension. In tension fuses, the 
priming composition is fired by the passnge of a current of electricity through it. The circuit is 

ntorrupted within the eusing of the fuses, und the priming is interposed in the break, Fig. 8343. The 
current, in leaping across the interruption, meets with great resistance from the low conductivity of 
the substance to be passed through, and consequently heat is generated and the g49 343. 
priming fired. To overcome the groat resistance occasioned by the break in the 
metallic circuit, a ap tension is required in the current, which must therefore be 
generated by a machine, the low tension current of a battery being insufficient for 
the purpose. These fuscs can, however, be fired by batteries of great power, by 
renson of the conductivity of the priming composition. In quantity fuses, tho 
priming is fired by the hoat yenorated by.the current in a pe of fine platinum 
wiro. This wiro is included in the circuit, and surrounded ya substance influm- 
mablo at a low temperature, Fis. 842. The heat developed in the wite is due to 
the great resistance occasioned by its small section. As the circuit is uninterrupted, 
the low tension current generated by a battery, or by a dynamo-electiic machine 
constructed for quantity may be used. The advantages of high tension lie chiefly 
in the convenient form and ready action of the machines employed to excite the 
electricity. Being of small dimensions and weight, simple in construction, and 
not liable to get quickly out of order, these sources of electricity are particular] 
suitable for use in mining operations, especially when the operations are entrusted, § 
as they usually arc, to men of no sviontitic knuwledge. Morcover, as the means of | 
discharging tho machine may be removed until the moment when it is required, this 
mode of firing offers greater secu ity than the battery. Also by employing a current of high tension, a 
largo number of shots may bo fired simultaneously in single circuit, with greater certainty than is 
obtained with a battery. Another advantage of high teusion is the small effect of line resistance upon 
tho current, a consequence of which is that mines may be fired at any distance from the machine, and 
through iron wire of very sinall section. The disadvantages of high tensions are the necessity for 
perfect insulation of the wircs, and some degree of uncertainty in the fuse when not properly con- 
structed. When electricity of low tension is employed, tho insulation of ithe wires needs not to be 
perfect, so that leakages arising from injury to the coating of the wires are not of great importance. 
Jn many cases bare wires may be used. Another advantage of low tension is the ubility to test the 
fuso at any moment by means of a weak current, whereby an almost absolute certainty of action 
may bo insured. For this rcason it is usually preferred for torpedoes and important submarino 
work. On the other hand, the copper wires used must be of comparutively large scotion, and the 
influence of line resistance is so considerable that only a small number of shots can be fired simul- 
taneously, when the distance is great. Moreover, as the number of fuses is increased, the power of 
the battery must be augmented by adding to the number of its cells. So that for ordinary mining 
operations the battery becomes large und unportable. But the chief disadvantage of the buttery lies 
in the fact of its requiring a liquid to excite the current, and the consequent careful attention and 
delicate handling which the elements require. This defect may, however, be removed to some 
extent by a suitable form of the battery. 

Baron von Ebner, of the Austrian military service, was the first to construct a tension fuse that 
was at all satisfactory in its action. It did not, however, fully satisfy any one of the requirements 
enumerated. It was clumsily constructed, and was only fairly certam in its action. But it must be 
acknowledged to be the model upon which all subsequent inventions have been founded. P. Abel, 
in England, took Ebner’s construction and primed it with a new powder of his own invention. 
This fuse, known as Abel’s fuse, has been largely used for firing guns, and for military purposes 

erally. But tho mode of construction adopted, and the cost of production, have prevented it 
rom being much used in industrial operations. Beardsley, in the United States, introduced a new 
system, by interposing # bridge of graphite between the terminals within the fuse, tho hite 
being heated by the passage of the current, and the riming resting upon the graphite thereby , 
This fuse is very certain when fired singly, and it is capable of being tested like a platinum wiro 
fuse, but when connected in large numbers fails, 

Several modifications of the foregoing fuses have been adopted in Germany, in the United 
States, and in England. Some of these, especially those of American invention, fulfil the first four 
requirements; but none fulfil the fifth. Ifthe number in circuit is ‘not greater than ten, the best of 
these fuses may be relied upon to explode. But when this number is exoeeded some of the fuses 
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miss. ‘The cause of these faulures has not been satisfactonly ascertamed If we put two fuses in 
single circuit, and one of these has much greater conductivity than the other, this one will mise 
If they are put in divided circuit, the other one, that 18, the fuse which has least conduotavity, will 
miss, If both fuses are practically equal in conductivity, both willexplode From these facta it bas 
been inferred that if all the fuses were equal in conductivity, any number within the powor of the 
machine could be fired at once The inferenco, however, 1s not true It fusca made exactly equal 
m conductivity, are limited in number to fifteen or siatecn, they all explode with certainty, but 
when the number 1s greater, failures occur In searching for the cause of these tallurca, 1 would 
seem that time must be taken into account The resist ince of the tuses retards the current, and 
possibly the explosion of the first may interrupt the cucuit before tho current hag actcd suthciently 
on all It should bo remarked here that no better results aro obtamcd by putting the tuscs 
in divided circuit 

To connect the fuses to the machine or the battery, two sets of wires are roquircd when a single 
shot 1s to be fired, and thrce sots may bu nccded when two or more shots ure to be fired simul- 
taneously Of these several sets of wires, the first consists of those which are attuched to the fuscs, 
and which, by reason of their bemg placed in the shot holc, are called the shot-hole wires Iwo 
shot hole wiies must be attached to cach fuse, and they must be of suclia length that when the 
fuse has been placed in 1ts proper position in the charge, the cnds may projcct a fow imches from 
the hole These wires must also be insulated to prevent the escape of the cuircnt 

The second set of wires consists of those wlich arc employ ‘sl to connect the chaiges one with 
another, and which, for this reason, are called conna ting wires In connecting the chaigcs 
in single circuit, the end of one of the shot-hole wires of the first charyo 1s Icft free, and the othe 
wc 18 connected, by means of a picce 
of this connecting wire, to one of the 
shot hole wires in the sccond hole, 
the othcr wire mm this second hole 1s 
then connected im the same manuel, 
to one of the wires 1n the third hole , 
and soon till the last hole 1s reached, 
one shot-hole wire of which is Icft 
fice, a5 in the first When frictional 
michines are used to fire the blasts, 
the tuses must always be connected 
up m this manner, which 1s known 
us s.iics or single cucuit In this 
arranzcmcnt, shown in Figs Jf4 and 
345, the whole ourrcnt 198 nt through 
the series of fuses With mugnct> 
electric maclincs, it 18 better to 
adopt the divided cneuit, as shown 
wn Figs 3£6 and 317 Lhe leading 
aud the return wucs are, in this 
uncthod, attuched to the groups cf 
fuses at L and R, and the current 
then divides itself, a portion pwsing 
through the fuses to the mght of L, 
and another portion through th ose to 
the Ictt of that pomt Whcnever the 34t 37 
connecting wires cin be kept from 
touching the rok, and also from 
coming into contact onc witn another, 
in most cases this may be dune, bare 
wire may be used the cost of which 
1g very small But when tis con- 
dition cannot be complicd with, and, 
of course, when blasting 1n watcr, the 
connecting wuics, like the shot hole 
wires, must be insulated When 
guttapercha shot-hole wires are used, 
it 1s well to have them sufficiently 
long to allow the end projecting from 
one hole to reach that projecting from 
the next This renders connccting 
wire unnecessary, and, MOrvove;r, SAVES 
one joint for each shot 

he third set of wires required 

are those which are used to conncct 
the charges with the machine, or the battery These wires, which arc called cables connist cach 
of three or more strands of copper wirc, well insulated with guttapcrcha or with indiarubber, the 
coating of these matenals bemg protected from injury by a sheathing of tape, or of galvanizcd 110n 
wire underlaid with hemp T'wo of these cables are needed to compl te the circuit , the one which 
1s attached to the positive termmal of the machine 18 distinguished as the hading cable, and 
the othcr, which 1s attached to the negative terminal, is described as the return cable When 
the cable as provided with a metallic sheathing, the latter may be made to serve instead of a return 
eable, but is a bid plan 
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To fire gun-cotton or dynamite, detonators are used. These are copper capsules about } in. in 
diameter and 1 in. in length, containing a charge of fulminate of mercury. When safety fuse is 
used the end is cut off clean and inserted into the cap, which is then pressed tightly upon the fuse 
by means of a pair of pliers, as shown in Fig. 318, When the bore-holo 1s very wet, a little white- 
lead or grease must be put round the edge uf the cap asa protection. The electric fuses are always 
made water- ; these are supplied with detonators affixed, as in Fig. 349. When the safety 
fuso burns down into the cap, or when, in the other case, the priming of the ‘is a 
electric fuse is fired, the fulminate explodes, and causes the detonation of : : 
the cliarge in which it is placed. 

Tie machines used for firing electrical tension fuses are of two kinds. 

In one kind, the electricity is excited by friction, and stored in a condenser, 
to be afterwards discharged by suitable means provided for the purpose. In 
the other kind, the electricity is excited by the motion of an armature before 
the poles of a magnet. The former are called frictional-electric exploders, 
the latter, magneto-electric exploders. 

Frictionsl machines act very well so long as they are kept in a proper 
state. But as they are injuriously affected by 2 moist pepo ey and weaken 
rapidly with use, by reason of the wearing away of the rubbers, they must be 
in good elect: ical condition before using them for firing, othe: wise the quantity 
of electricity «xcited by a given number of revolutions of the plate will be 
vatiable, and vc xatious failures will ensue. If, however, the roper precautions 
be observed very certain and satisfactory results may be obtained. In Ger- 
many and in America fiictional expluders are generally used. Magneto- 
electric machines possess the valuable quality of constancy. They are unaffected in any 
appreciable degiee by atmosphcric changes, and they are not subject to wear. Moreovei, 
as they give electricity of a lower tension than the friction machine, defects of insulation 
aro loss important. Whatever exploder is used it should possess great power. The mistake 
of using weak machines has done more than anything else to hiuder the adoption of 
electrical firing in Great Britain. 

The machine most used in Gormany is Bornhardt’s frictional exploder, Figs. 350, 851. 

It is contained in a wooden caso 20 in. in length, 7 in. in" breadth, and 14 in. in depth, 

outside measurement. The weight is about 20 lbs. ‘To fire the charges,—F, a plate of 
vulcanized rubber; J, a collector of the same, and having also a numbcr of metal points; 

R, cat’s-skin rubber; H, its support; L, Leyden jar; G, discharger; B, disc of vulcanized 

rubber; cb, gear-wheels let into the case P,—the Icading cable 1s attached to the upper 
terminal ©, and the return to the lower D, the other enda of these wires being connected 

to the fuses. Tho handle d is then affixed and turned briskly from fifteen to thirty times, 
according to the number of fuscs in circuit and the state of the imnchine, to excite the 
clectiicity. Tho knob K is now pressed suddenly in, and the discharge takes place. 

To allow of the condition of the machine boing readily ascertained, a scale of fifteen 
brass-headed nuils X is provided on the outside, which scalo may be put in commu- 
nication with the termiuals C and D by mcans of bruss chains, as shown mm tho figures, If aftor 
twelvo or fourteen turns the spark leaps the scale when the knob K 18 pushed in, the machino 1s in 
a suillciently good working cundition. 
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_ In America there are two frictional exploders in common use. One, Fig. 352, is the invén- 
tion of H. J. Smith, The other, Fig. 353, is the design of C. Mowbray. The former apparatus 
is enclosed in a wooden case about | ft. square, and 6 in. in depth. The handle is on the top of 
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the case, and is turned horizontally. As in Born 


safety. The cables having been attached to the terminals, the handle is tu 

eammber of times to excite the electricity, and then turned a quater “of - sl ehboky eaeaed 
to disch the condenser, and to fire the blast. By this device, the necessity for a second 
aperture of communication with the inside is avoided, an aa 


: : 4 rtant matter in fri ‘hi 
which are so readily affected by moisture. Mowhiay’s oxplodor is Sontalned ideal agora 


shaped case, and is known as the powder-keg exploder, the form and dimensions of the case being 


hordt’s machine, it is made removnble for 





those of a powder keg. The action is similar to that of Smith’s machine, Tho weight is about 
26 Ibs. All of these machines are extensively used, and good results are obtained fiom thim. 
They stand well in a damp atmosphere, do not quickly get out of order from tho wcaring of 
the rubbers, and are portable, 

A magneto-electiic machine frequently used in England is that of Siemens. This machine ig 
of smallcr dimensions than the frictional exploders described; but it groatly excecds thom in 
weight. The apparatus, shown in Fig. 354, contained within 
a casing, consists of a Siemens’ armature, made to revolve be- 351 
tween the poles of an electro magnet by turning the handle. The s 
coils of the magnet are in circuit with the wire of the armature. 
The residual magnetism excites weak currents; thi se increase 
the magnetism, inducing still stronger currents. The limit is 
determined by the magnetic saturation of the iron cores of the 
electro-magnets. By automatic action the current is, at every 
second turn of the handlo, sent into the cables leading to the 
fuses. To fire with this machine the handle is turned gently 
till a click is heard, indicating that the handle is in the right 

ition, The cable wires are then attached to the terminals, 
and the handle is turned quickly but steadily. At the com- 
pletion of the second revolution the current passes out through 
the cables and the fuses, As with frictional machines, the handle ie, for safety, made removable. 

The simplest form of magncto-cloctric machine in common use is “ Breguct’s,” illustiated in 
Figs. 355 to 357. It is unsuitablo for firing a large number of fuses in divided circuit, but if not moro 
than two or three be required to bo fired simultaneously, it will be found convenient. In this 
machine, the induction coils are placed upon bars of iron cunstituting a continuation of the arms 
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of the magnet. The latter is fixed upon a base of wood. Against the bars of soft iron, upun which 
the coils are placed, presses an armature a; this armature is fixed upon ao lever /, which turns 
about a horizoutal axis. When this lever is pressed down by a blow upun the knob p, at the end 
of the lever, the armature is withdrawn from the coils, but remains perallel with them. The lever 
is provided with a spring §, which doscends with the lever. While the armature is in contact 
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with the coila, the free end of the spring presses against the lower end of the screw q, the 
support of which is in communication with the wire of the coila. But when the lever is depressed, 
the spring doscends also, until, at a certain poiut, it is separated from the screw. When this 

tion takes place, the hort circuit 4%’ whic previousl existed is interrupted, and the ‘current 
is then forced to pass into the long circuit 2dd’s',in which the fuso is placed. The point at 
which interruption shall take place is regulated by raming or lowcring the screw g. This point 
should be a little above that at which the spring stands when at the end of ity stroke, because 
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then tho intensity of the current is at its maximum. When the hand is removed from the knob p, 
a spring benoath the lever, aided by the attraction of the magnet, forces the armature back into 
contact with the poles. A safety bolt ¢ is pushed under the lever to prevent accidcntal discharges. 
The whole of the apparatus, with the oxcep- 
tion of the knob and the terminals, is enclosed 
on a wooden caso co, shown by the dotted © 
ines. 

The leading and the return wires being 
fixed to the terminals dd’, and the fuses in- 
cluded in tho circuit, the latter are fired by 
striking a sharp blow upon the knob p. 

In cuncluding this description of the ap- 
Sparatus uscd in rock blasting, a few remarks 
are needed on the materials employed as 
tamping. To tamp a shot-hole is to fill it 
up above the charge of explosive with some 
material, which, when so applied, is called the tamping. The use of tamping is to opposo 
a resistance to the escape of the gasos in the direction of the bore-holo. Clay, dried in the 
gun, or, preferably, by a fire, ape to fulfil most completely the requirements of a tamping 
materiul. There being no voids between the particles as in porous substances, there is no pussage 
for tho gnscs. It is usual to prepare the clay befurehand, and this practice is conducive both to 
rapidity of procedure and to effective results. The former considcration is an important ono, 
inasmuch as the operation, as commonly performed, occupies a good deal of time. To Ppa the 
clay pellets, a lump of the plastic material is taken and rolled between the palms of the hands until 
it hus assumed the form of a sausage, from 8 tu 4 in. in length, and of the diameter of the bore-hole. 
When well driod, these pellets are roudy for use. In meking them up to the requisite diameter, 
shrinkage should be allowed for, since it is essential that they fit tightly into the hole. When the 
charge has been put in and covered with a wad of hay, or a handful of sand or rubbish, one of these 
pellets is insorted, and pushed home with a wooden rammer. Considerable pressure should be 
applied to make the clay fill the hole completely, but blows should be avoided. A second pellet is 
then pushed down in the same manner, and the operations are repeated until tho whole of the hole 
is tamped. To consolidate the mass, light blows may be applied to the outer pellet. It will be 
found udvantageous to place an undried pellet immediately above the charge, because the plasticity 
of such a pellet enables it to fill all the irregularities of the sides of the hole, and to securely scal 
tho passage betwecn the sides and the tamping. A plastic pellet may, moreover, be pushed down 
without risk of causing an accidental explosion. In blasting down cual, soft shale is always used 
for tamping, becauso it is ready at hand, and heavy shots are not required. In quarries, the dust 
and chippings of the excavated rock are largely employed as tamping. This matcrial has, however, 
but little to recommend it for the purpose beyond its readiness to hand. When tho hole is inclined 
downward, dry sand may be very conveniently and effectively used as rn ork But in this case a 
erg clay pellet must be first put in immediately above the charge. Without the clay, sand affords 

ut a very weak tamping. Sand tamping may be performed very expeditiously, and it is therefore 
to be recommended whenever the conditions are not unfavourable to its adoption. 

The operations of blasting are begun by striking a few blows with the hammer upon the spot 
from which the hole is to start, for the purpose of preparing the surface to yeceive the drill. In 
some cases, this preliminary operation will not be needed; but generally*ome preparation is 
desirable, especially if the surface is smooth, and the hole to bo bored at an angle with it. For 
the purpose of illustration, we will take the case of a hole bored vertically downwards, and will 
suppose the boring to be carried on by double hand. The surface of the rock having been prepared 
to receive the drill, one man sits down, and placing the drill between his knees, holds it vertically 
with both hands. The other man, who stands opposite if possible, then strikes the drill upon the 
head with the sledge, meal at first, but more heavily when the toul has fairly entered the rock. 
The man who holds the drill raizes it a little after each blow, and turns it partly round, the degree 
of turn pers given being about one-eighth of a revolution. By this means, the hole is kept 
circular, and the cutting edge of the drill is prevented from falling twice in the same place. To 
keep the tool cool, and to convert the dust and chippings into sludge, the hole is kept partially 
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penaiblo when iti veined, roars ts nd Fett they might th eas pe niu 
: e ho ’ e is had t : es when the | : of a prematt 
wder is left e,and the powder i 0 a tin or a co i¢ hole is verti ae 
: t the b er is poured i pper tube. Thi vertical, und im- 
ind of spoon at the bottom of the hol in at the uppe his tube is rested A 
powder is cna In holes that are rea i In horizontal al reud; when the tube i at upon the 
‘ the Anes ube is raised, tl 
@ wooden betes ridges, the cart clined upwards, loose powder is put in b aed 
: uner, If tl artridge is inserte i powder cannot y incans of a 
Ae a few inch ie charge is to be rted into the hol ot be used. WI 
ee ee eae fired by means of ole and pushed to the one 
: powder is i hole is cut off and ans of safety fuse, a pi e bottom wit] 
is pushed into sin cartridges, the end placed in the hole i , & piece suflicientl ie 
a lump of el the bore-hole. The f end of the fuse is inserted in the same position as th y long to 
the rock The placed upon the end use is held in its palin Pie the cartridge, befo A aiine 
the tampi he tamping is then id which projects from th n during the operatic re the lutter 
t in : e hole, this ¢ ration of tampi 
be aaa ng iron, the latter bei put in, in small portio ¢, this end being t ping by 
with dried eing so held tha ns at o time, and g turned over upo 
eo ph, when the ed pellets previously tds e fuse lies in the pests relat Aibeacns down with 
aetna, the plaatio. Faia naprgoatid Bl he reduced 2 fa ear cag a ea 
: 1e plastic cl ays at hand u to a mini S precedin 
rapidly, and P clay pellet and . In downward h ininum. An abunda g 
tamping in ho all but very shallow h sand may be em oles, such as are wil oun nt 
I oriz oles, it i ployed. Thi sare used in shaft- 
ap: 20: Pape sorery pacha gr hols beni in sn oiceadiae. * Whoo i ia’ decired Aen put in 
: : am ; ing directi use 
this way. At the Ment ma rath in the SteG at aid = should. be and 
nnel, an argillaceous earth was siocarly 3 of sund 
y prepared in 
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cartridges for tamping. If the charge is to be fired by electricity, the fuse is inserted into the 
aiatpes and the wires are treated in the same way as the safety fuse. When the apt thd is com- 
pleted, the wires are connected for firing in the manner already described. In all cases before 
tamping s gunpowder charge placed loose in the hole, a wad of tow, hay, turf, or paper, is placed 
over the powder previously to toon in the tampiug. If the powder is in cartridges, a pellet 
of plastic clay is pint dl forced down upon the charge. Heavy blows of the tamping irun are to be 
avoided until five or six inches of tamping have been put in. 

When gun-cotton is the explosive agent employed, the wet matcrial which constitutes the charge 
is put into the shot-hole in cartridges, one after another, until a sufficient quantity has been intro- 
duced. Each cartridge must be rammed down tightly with a wooden rammer, to rupture the case 
and to make the cotton fill the hole completely. A length of safety fuse is then cut off, and one 
end of it is inserted into a detonator cap. This cap is fixed to tle fuse by pressing the open end 
into firm contact with the latter by means of a pair of ni pe constructed for the purpose. The 
‘cap, with the fuse attached, js then placed into the cen ole of a dry primer, which should be 
well protected from moisture. When an electric fuse is used, the cap of the fuse is inserted in 
the same way into the primer. The primer is put into the shot-lhole and pushed gently down upon 
the charge. As both the dry gun-cotton and the detonator may be exploded by a blow, this 
operation must be performed with caution. Ootton-powder or tonite requires a somewhat different 
mode of handling. It is made up in a highly compressed stato into cartridges, having a small 
central hole for the reception of the detonator cap. This cap, with the safety fuse attached in 
the way described, or the cap of the electric fuse, is inseited into the hole, and fixed there by 
tying up the neck of the cartridge with a piece of copper wire placed round the neck for that 
purpose. The cartridge is then pushed gently down the shot-hole, or if a heavier charge is 
required, a cartridge without a detonator is first pushed down, and the primed cartridge put in 
upon it. No ramming may be resorted to, as the substauce is in the dry state. When dynamite is 
the explosive agent used, a sufficient number of cartridges is inserted into the shot-hole to make 
up the sare required, Each cartridge should be rammed home with a moderate degree of force 
to make it fill the hole completely. Provided a wooden rammer be employed, there 18 no danger 
to be feared from explosion. A detonator cap is fixed to the end of a piece of safety fuse, and, if 
water tamping is to be used, greuse or whitclead is applied to the junction of the cap with the 
fuse. A primer, that is, a small cartridge ah ba to explode the charge, is then cpened at one 
end, and the detonator cap, or the cap of the electric fuse, is pushed into the dynamite to a 
depth equal to about two-thirds of its length, and the paper covering of tle primer 1s firmly tied 
to the cap with a string. If the cap is pushed too far into the dynamite, the latter may be fired 
by the safety fuse, in which case the substance is only burncd, not detonated. With an electric 
fuse this cannot occur, The same result ensues if the cap is not in contuct with the dynamite. 
The object of tying in the cap is to prevent its being pulled out. The primer thus attached to the 
fuse is then pushed gently down upon the charge in the shot-hole. It should be constantly borne 
in mind that no ramming ma tuke luce after the detonator is inserted. Gun-cotton and tonite 
require a light tamping. This should consist of plustic clay; or sand may be used in downward 
holes. The tamping should be merely pushed in, blows being dangerous. A better effect is 
obtained from dynamite when tamped in this way than when no tamping is used. In downward 
holes, water is commonly employed as tumping for a dynamite charge, especially iv shaft-sinking, 
when the holes usually tamp themselves, But in other cases, it is a common piactice to omit the 
tamping altogether to save time. 

hen all the holes bored have been charged, or as many of them as it is desirable to fire at one 
time, preparation is mado for firing them. The charge-men retire, taking with tliem the tools they 
have used, and leaving only one ot their number who is to fire the shots, in the case of squibs or 
safety fuse boing employed. When this man has clearly ascertained that all are under shelter, he 
assures himself that his own way of retreat is open. If, for example, he is at the bottom of a shaft, 
he calls to those above, in order to learn whether they are ready tv raise him, and waits till he receives 
a reply. When this reply has been given, he lights the matches of the squibs, or the ends of the 
safety fuse, and shouts to be hauled up; or, if in any other situation than a shaft, he rotires to a 
place of safety. Here he awaits the explosion, and carefully counts the reports as they oocur. 
Aftcr all the shots have exploded, a choit time is allowed tur the fumes and the smoke to clear 
away, and then the workmen return to remove the dislodged rock. If one of the shots has failed 
to explode, fifteen or twenty minutes must be allowed to elapse before retuining to the place. 
Nine out of ten of the accidents that occur are due to these delayed shots. Some defect in the 
fuse, or some injury done to it, may cause it to smoulder for a long time, and the blaster, thinking 
the shot has missed, approacles the fuse to see the effects produced by the shots that have fired. 
The defective portion of the fuse having burned through, the train again starts, and the explosion 
takes place, probably with fatal consequences. Thus missed shots are not only a cause of long 
delays, but are sources of great danger. Accidents may occur also from premature explosion. In 
this case the fuse is said to run, that is, burn so rapidly that there is not sufficient time for 1 etreat, 
When the firing is to take place by means of electricity, the man to whom tle duty is entrusted 
connects the wires of the fuees in the manner described at p. 185. He then connects the 
two outer wires to the cables, and retires from the place. Premature explosion is, in this 
case, impossible. When he has ascertained that all are under shelter, he goes to ‘the firing 
machine, and, having attached the oables to the terminals, excites and sends off the electric 
current. The ahots explode simultaneourly, 20 that only one report is heard. But there is no 
danger to be feared from a misfire, since there can be no smouldering in an electric fuse. The 
face may, therefore, be a hed immediately, so that no delay occurs, and there is no risk of 
accident, Moreover as the holes can be fired at the moment when all is in readiness, a con- 
siderable saving of time is effected. Tho workmen on returning to the working face remove the 
rock, and break down every block that has been sufficiently loosened. For this tor 

they use wedges and sledges, picks and crowbara. And not until every such block has 
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removed do they resume the boring for the second blast. Someti ili 
the rock dislodged by the shots, iron plates are laid in front Ps mie ie ae 


3 : : f the faco in a heading. The rock 

aed vise Speed p rig is Arsisatbhen as quickly as ere ble, to allow the boring for tho succeeding 
nee. It isi nt, in the organization of wor this ch 

men is not kept waiting for the completion of the labour of another. cane atrner ene mene 


In beginning to blast down a face of rock in underground drivings, 
free face yer isa ged to that of the heading. This is accomplished b 
together at the centre of the face, and angled so as to bring their ends within only ono or two 
inches apart. These shots are then heuvily loaded with explosive, and strongly tamped. When 
fired, these shots throw out a wedge-shaped mass of rock, leaving a corresponding cavity. In this 
way, the nocded free face is obtained. The operation is desoribod as unkey ing the Face. Around thia 
cavity other bore-holcs are then placed, in such positions, and at such distuncos, that the oxplosion of 
the charges shall blow the rock iuto the cavity formed by the first shots. In this way, tho cavity 
is enlarged. By placing other shots in the same manner ground the cnlarged ouvity, the wholo of 
the face is brought down. _It will be evident that the first shots act under very unfavourable con- 
ditions. For this reason, they should consist of heavier ch irges than thore subsec uontly required, 
and, whenever pructicable, they should be fired stuulinnenaly. The placing of blasting charges 
affords an opportunity for the exercise of skill on the part of the blaster. As the conditions ae 
constantly varying, no rules generally applicable can be laid down. 

The principles upon which rock blasting is conducted will be best understood from the study of 
some good examples. The following ore given as notable instances of drivings intelligently 
designed and carefully carried out ;— 

The excavations recently made for the now fortifications at Hviligenberg, in Austria, wero 
executed by the military engineers stationed at that time at Olmutz. These works involved the 
removal of surface rock and the driving of underground ways. The rock to be removed consisted 
of alternate beds of sandstone and argillaceous schiste The surface bed, whieh was much 
decomposed by atmospheric agencies, was an argillaceous marl about 5 ft thick, The beds 
of schiste dip at an angle of 45 degrees; their thickness varies from a few inches to 6 ft. These 
beds are tiaversed by numerous veins of an argillaceous character. Tho stratificution of the sand- 
stone beds is less marked. Cleavage planes, however, exist, along winch the rock parted more 
easily ; and a number of veins of loose sund of a maximum thickness of four or five mehes. These 
rocks were of modcrate hardness. 

The method adopted in the open cuttings consisted, after removing the surface soil to lay bare 
the rock, in opening a trench parallel to the lino of oulerop of the beds at the bottom of this 
trench, shown in Fig. 358. Shots were placed at a, the di pth of the bore-holcs being mado equal 
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to three-fourths the thickness of the bcd, and thcir distance apart twice the thickness. Usually, 
the shots, which were heavily charged, detached the whole bd; when necossary, their effect was 
completed by additional shots at 4 from 5 to & ft. tp Whenever a nc arly vertical face had to be 
dealt with, as shown in Fig. 359, the dip of the beds was not taken into account, and bore-holes 
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6 ft. back from the face. In driving the headings, the 
ie eaer ates eaen eas Beet aioeding to the direction of the heading relatively to the hs of 
The oot hate When tha direction was that of the strike, a horizontal shot was yeane nt 

$0, 861, the depth of the hole being two-thirds that of the thickness 
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ts shots placed horizontally were 
of the bed. After the face had been unkeyed by this shot, other é 

‘ rtion being subsequently removed by vertical 
used to bring down the upper portion, the lower po ses aright angles w the strike, inclined 


When, on the cont the heading was advancin ' 
ie were first fired in the middle and lower beds, after which the upper portion was brought down 


by horizontal shots, as in Figs. 362 to 866. By using dynamite in holes of Zin. diameter, an 
srerage advance of about 2 ft. 6 in. was made in twelve hours. When gunpowder only was used 
in holes of 14 in. diameter, somewliat less than half this rate of progress was attained. 
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In some cases, the galleries were driven their full width at once; but usually an advance heading 
was driven, the enlargement being subsequently undertaken. The method of procedure was to 
drive the hcading forward ; then to break down the sides, and afterwaids to take up the bottom. 
The several operations, with the direction of the bore-holes, are indicated im Figs. 366 and 367. In 
taking up tho floor, gunpowdor was used. The charge of the latter ape was half the depth of 
the Bor hole ; of dynamite only from one-third to one-fifth of the depth was allowed to the charge. 
It should also be borne in mind that in the latter case the diameter of the hole was reduced. Plastic 
clay was used for tamping, and ordimary safety fuse to ignite the charges. 
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The excavation of the conduit for the Vienna Waterworks affords an excellent illustration 
of blasting, the work being about 8000 yards in length. The price to be paid was 143 francs per 
klafter run, a klafter being 1°896 metre; roughly 3/.a yard run. Tho dimensions of the conduit 
wore to be 8 ft. high by 6 ft. wide. The work was carried out in a highly intelligent and strictly 
scientific manner, a fact that renders this example peculiarly instructive. The explosive used was 
dynamite of 72 per cent. nitroglycerine, made up into cartridges of 4m, in diameter. Gunpowder 
and gun-cotton were first tried, but they wero found to be less efftctive than dynamite in the tough 
rock through which the conduit had to be driven. Both electric and safety fuscs were used. 

The rock to be passed through was a compact dolomitic limestone, traversed by some longitudinal 
fractures, and by numerous less important fissures travelling in different directions The stone 
was generally more compact in the anticlinal ridges, and more or less fissured in the synclinal 
depressions; at the bottom of some of the depressions it was sometimes found in the state of 
conglomerate, and having the appearanco of a species of breccia. According as the direction of 
the heading encountered the plane of fractures morc or less perpendicularly, the stone was found 
to be fissured over a greater or less area. These fractures, which must not be confounded with 
the veins of spathic limestone found in great quantity in the most compact parts of the rock, and 
making no difference to the working, were often filled with ferruginous, and sometimes very damp, 
aind. The hardness and compactness of the rock varied with its purity, and with the quantity of 
magnesia, spathic limestone, oxide of iron, and similar minerals which it containcd. 

he operations of blasting differ according as the 10ck is compact, fissured or conglomerate. 
Supposing that a plane forebreast, perpendicular to the direction to be followed, is commencod 
with; the first thing to be done is to select a place for the first shot, which is subject to very 
unfavourable conilitions, because there is only a single free surface, and the shot can only take 
effect upon the side in which it is placed. The explosion of this first shot forms a cavity, of which 
the sides form free surfaces, and new planes of less 1esistance, thus giving a large space for placing 
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the following shots. In the compact rock, it was proved unmistak 
: ably, that 
was used the blast-holes bored in @ plane face, perpendicular to the axis of the Adeeriabemares 
have a line of least resistance not in the same direction as the bore-hole, the length of which line 
should be shorter than the depth tral cliol. dice native 
effects even when the same hole is charged several times, | 


ee a lt is well, thore i 

an inclination in conformity with the plane of the forebreast and a depth nee with the aa 
ness and hardness of the stone, the inclination increasing and the depth diminishing in proportion 
as the hardness increases, With too slight an inclination or too great depth. tho effect is snullehbly 
diminished ; the influence of an error in the depth is loss than that of an error in the inclination. 
Too great an inclination and too little depth are equally undesirable, because the difficulty of 
boring often increases with the inclination, 


and also because they lead to th ity of maki 
too many bore-holes, and expending too much ex ope Se ee 


plosive for a given advance of heading. When tl 
depth and inclination of the bore-hole are - biked ion THe 


vod, and the charge is corroctly proportioned to t} 
depth, the result generally effected in a hard, com i Ce a ee ce lO 


pact rock is shown in Figs. 368, 369. The offect 
of the blast is to mako tho cavity A, and to shatte ; 


r the part B. The cavity is sonsibly limited in its 
longitudinal section by the lower side of the bore-hole, whi 


lowe ch usually remains intact, and by 
& id car line in the direction of tho bore-holc, guided by its depth. Tho sides of the envit y 
only depart from these directions in the neighbourhood of tho free surface, ‘The elovation shows 
that the blast extends furthest around the bottom of the hole, and that it diminishes as it nears the 
orifice, around which it is a little increased. The side of the bore-holo remains visible at the 
farther side of the cavity to a depth varying from 3 to 3 of the hole, measured from the bottom. 
Fissures are algg found, parallel to the hole, penetrating more or less far, necording to tho hardness 
of the rock, and the latter may often be broken away with a pick or sledge, in the most favourable 
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eases, as far as the line ad, and at other times only to half that distance. When the direction of the 
bore is good but the depth is too great, and consequently the charge pone ee to that depth i‘ 
too heuvy, the result is that the part C, Fig. 370, is only shattores ; and part of the ae 6 
remains intact in the rock. When the inclination of the bore is too slight, the effect is sti ~~ 
the size of the cavity is much diminished, and the greater purt of the hole remains intact apse 
the cavity; the rock is not even shattered to any usctul cxtent, and the sidox of the bore shen 
crushed for 2 or 3 inches, Fig. 371. There is, however, no definite law giving the amount of dep 
and inclination for a maximum of useful effect, for these quantities depend upon the ee ATC 
compectucss of the rock; but it should bo admitted as an extreme limit, that a line ae 
perpendicular to the direction of the bore from the bottom of the latter should always ai . fe 
free surface and be shorter than the bore-hole. In an cxtremely compact rock eo a 3 i 
sed through, it was shown by numerous expcriments that the depth of the fi rst B a ou ‘4 n 
be preater than from 15 in. to 20 in., and its lino of least resistance 9 in. to 12 in. ante raeey 
depends upon the nature of the rock, and upon tho dopth of the hole. It hae Sat iri 
equal to } of the depth of the hole, for a very compact rock, and was coveres 
aes te oe shot placed in the forebreast is not gcnernlly sufficient to make @ idea pirylend % 
and it is necessary to fire several of them simultaneously. It was, Dower ail f well placed 
the hardest and most compact parts of the rock, three shots were ulways a saree the oe ig 
and suitably disposed towards the centre of the forebreast, because it is here ity into another 
furthest from the sides which span it. In order to ensure the breaking of nied aki a talon 16 
which is most fayourable to the formation of a wide and deep excava a ye. eat etan. in 
dispose the shots so that their openings should form an equilateral triang ee shonld be only 
length of aide; one Ee ~ a Resear ee ee ae ey fhe ahote simultaneously 
i in, ig. 372. was fou : f ; 
by ating: gree cavity of 18 in. in depth being thus obtained tye me ape Oi ai 
which are to give the heading its ultimate configuration. They have ratia ‘the frequently hed s 
and more depth than the previous ones, in the working under consideration they 
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depth of 2 ft. 8 in. Here again it isn to avuid horizontal shots, and to regulate the depth 
in such a manner that the bottoms of the fore-holes never descend below that of the existing 
cavity, because the portions in excess would remain intact, The charge, always varying wi 
the nature of the rock, is determined by the effect of the previous shots ; it 1a not generally more 
than a quarter of the length of the bore, and never less than one-sixth; a firm tamping is always 
indispensable to success, 
To sum up, in order to make a heading of 6 ft. 8 in. in width and 6 ft, 9 in. in height, ina 
bd At compact rock, and where only three men can work at a time, the process is as follows ;— 
he work is begun by placing in the plane of the forebreast, a little below its centre, the three 
firat shots, and firing thom simultaneously, Aftcr working with the pick, the cavity I 1s obtained, 
Figs. 873 to 375. ight or ten more holes are then bored in order to break away the pa:t numbered 
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I, situated abovo and alongside tho first cavity. After firing these, three moro unkeying shots are 
ship a little higher than I, so as to give cavity III. After this, the upper portion, IV, is blown 

own, and subsequently the remaining portion, V, is attacked by eight or ton horizontal or vertical 
shots placed as deep as possible. Following these instructions, it 1s possible, with ordinary workmen, 
to advance tho heading by 2 ft. in twenty-four hours, which would require tlurty or forty shots, or 
the consumption of about 7°4lb. of dynamite. 
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If, instead of being compact, the rock is fissured or stratified, the mode of working is somewhat 
different. Two cases present themselves; the strata lying longitudinally, as in Fig. 876, or trans- 
versely, as in Fig. 877. In the first case, it is advantageous to bore the holes nearly parallel to the 
plane of stratification, and at intervals apart nea:ly equal to their depth; the latter, varying with 
the hardness and compactness of the rock, should not gencrally exceed 2 ft. in the example quoted. 
In the second case, Figs. 877, 878, the position to be given to the bore-holes differs according as 
the plane of the strata is ascending or descending, after leaving tho forebreast. When the plane 
is ascending the holes are all placed above it, and nearly horizontal. On the other hypothesis, 
they are placed both above and below, and are arranged almoat parallel to the plane of stratifica- 
tion, for their force is dircetcd against this plane, which exercises the same influence as a free 
surface. In the rock to be passed through, the extreme limit of depth, even in this case, was lgid 
down as 2 ft., and much care was taken to avoid cutting into the other strata, so that the remainder 
of the hole would remain untouched, The method of employing simultaneous firing to accelerate 
the work, depends much, in a stratifled rock, upon the number and respective positions of the 
strata. When the stratification is regular, as in Figs. 879, 880, it is ssi pea fr begin by firing 
the first three shots which are required in the compact rock to produce a first cavity, and the 
beds are blown out one after another by a series of shots placed in almust parallel lines. When 
the stratification is irregular, it is an advantage to begin with a central cavity, which is made at 
the point where the disposition of the strata is most favourable ; in the same way, when the rock 
is not homogeneous in tho forebreast, it is made in the softest and least compact place. The 
charge is usually lees heavy in a stratified rock than in a Wena compact one, and its height rarely 
exceeds one-sixth of the depth of the hole, The work of cutting, under the conditions indicated 
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above, advances at the rate of 2 ft. 8 in. in twenty-four h nsum 

6-2 bof dyes, y ours, with an average 00: ption of 
It is in conglomerate that the effect of the explosion is most considerable, and it extends 

ordinarily from 2 to 4 in. beyond the bottom of the hole. The rock is much shattered, and work 

with the wedge rendered very effective. In this case the bore-holes may be inclined much less than 

in a compact rock, and they may have a depth of 2 ft. 8 in.; the height of the charge may, at the 

same time, be reduced to one quarter or one-sixth of the length of the hole. When tle samo material 
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is met with over the whole surfaco of the forebreast, nothing is gained by beginning the operations 
with the three first shots mentioned above, and it is possiblo, without any difficulty, to blow away 
tq a height of 18 in to 20 in, and to an equal depth: the lower part I, across the whole of the 
section, Figs. 881, 882. Four or five shots are sufficient for this, plased in the same line, inelined 
at 35° or 40°, and having a depth of 2 ft., but their lower ends must not reach to within less than 
8 or 4 in. of the level of the floor of the heading. The upper part, II, 1s uftcrwards brohen away to 
® corresponding depth, the shots being placed in rows, but having less mclination and groater 
depth. The upper bore-hole is horizontal and placed 2 or 3 in. below the roof. The bore holey in 
the lower part receive a charge relatively highcr than those of the upper ones, and are flied first. 
On the contrary when the nature of the rock varics over the surface of the forebreast, and whon 
at the side of the brecciated parts wo find compact parts, we begin by taking out a key in the 
conglomerate before attacking the compact stone. In operating us just deseribed the hoading 
advanced at the rate of 3 ft. 21n. in every twenty-four Louis, with an average consumption of 5-6 Ib. 
of dynamite. Inthe ‘Mémoiro de M Makowicza’ tables are given showing, for cach of tho sixty- 
cight weeks that the working lasted, an account of tho time occupied, the number of blast holes, their 
dupth, the height of the charge in proportion to the depth, the consumption of dynamite and safety 
fuse, and the corresponding advance of the heading. It will suffice for us to say that in order to cut 
out 2604 pe of heading, to blow away the rock in the open cuttings, as wall os for the 
removal of rock from a few minor excavations, for the croction of the pumps and the like, 160,074 
blast-holes of 34 in. diameter were required, having altogether a length of 79,290 yards , the whole 
work ocoupied 434,482 hours, consumed 26,466 Ib. of dynamite, and 134,320 yards of Bickford 
safety fuse. The blasting in open cuttings, carried on ncar the Kaiserbrunn, r quired cleven 
weeks and thirty men, working on an avenge ten hours a day, to blow away 2676 cubic yards ; 
they bored 4402 blast-holes, having together a length of 2894 yards, and consuming 1180 Ib. of 
dynamite. Some of the holes were made with tho jumper and were very deep, clectricity beng 
employed to fire the shots. 

The foreman directed the placing of the bore-holcs, their direction and depth. The holes were 
bored with a drill of 1 inch dianielen: in the most compact stone, a miner, working well and able 
to k the hole wet, bored 1°05 ft, working downwards and placcd at a fair height; boring 
upwards and in a less convenient spot he could only bore °8 ft. In a leas compact stone the work 
progressed more quickly, but the length bored in an hour never exceeded 1°3 ft. in the first case 
and 1 ft, in the second. 

Four or five blasts were fired in twenty-four hours. Hulf-an-hour before each of theso, the 
foreman prepared the charges and the primers. Owing to the cartridges being of the usual 
lengths, varying from 1 in. to 5 in., it was rarely neccasary to cut the cartridges in order to make a 
charge. A primer was taken, and opened on one side, and, with a small stick, a cavity was made 
in the dynamite for the detonator; this waa fixed to the fuse in the ordinary way, thon introduced 
into the cartridge so that the fuse could not fire the dynamite before the explosion, which would 
give rise to objectionable gases; the cartridge paper was then turned over the detonator and tied 
on. To provide for the safety of the men who fired the shots, the fuses were from 2 ft. to 3 ft. 3 in. 
in length: the length varied betwecn these limits 20 as to produce the explosion at the mont 
favourable moment. At the time of charging, the hole was cleaned out, and a piece of mg intro- 
duced, rolled round the end of a stick. The cartridges, always containing soft dynamite, wero 
then put m, and pressed down with a wooden tamper, sufficiently hard to oprn the cartridgo and 
permit the dynamite to fill up the hole pa sag fter this operation a charge of 4 in. In height, 
in cartridges of 32 in. was reduced to 3} in. in a hole having } in. diameter. The charge thus 
disposed, the primer was put in ite place, without ¢rushing it. It wus exprossly forbidden to have 
naked lights in the heading during charging. : 

The tamping should be effected as carefully and as tightly as possible. Send is the best; 
clay and ochreous earth give equally good results. Wutcr-tamping rarcly succeeds, and the 
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ority of the shots, so tamped, blow out. This tamping presents aleo the ineonvenience of 
eo eit A the use of an impermeable fuse, which rep and sometimes very difficult to 
attach to the detonator in such a manner as to keep the water out of it. Better results are 
obtained with it in blasting in open cuttings, where the borings were decper and more inclined. 
This mode of tamping is also defective in headings where the direction of the holes is more or 
less horizontal. The tamping of ascending holes was difficult to execute, and cost, much time; it 
was facilitated by moistening the earth, or placing it in a casing. 

For firing the charge, the ordinary or waterproof Bickford fuse, and sometimes a fuse with a 
leaden case, are used. The common Bickford fuse gives the best results; it has been noticed that 
when covered with guttapercha it sometimes gives mis-fires, owing to the melted guttapercha 
penctrating the detonator, and thus preventing the fire from being communicated to it. The lead- 
cased fuse s the disadvantage of giving rise to fumes of ferrocyanide of lead, which are very 
noxious, In spite of the advantages presented by electricity, it was not in this instance largely 
adopted, chiefly on account of the inexperience of the foremen. It was employed with the Abeg 
poer, as modified by Major yon Kocziczka, to unkey the face, and excellent results were obtain 
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When all the holes were charged, the end of the fuse was split; planks were laid over the 
extremity of the air-pipe tv protect it from the projected rock splinters, and the workmen then 
fired the éharges by means of. portfires of oiled ag a Fiftcen or twenty minutes were occupied in 
charging, tamping, and firing a series of shots. The number of reports were always counted, in 
order to know whether all the charges had exploded. This being the case, two men hastened to 
unoover the air-pipe, and to set in motion the fan fixed at the entrance. When the number 
of reports indicated that some of the shots had missed fire, the foreman, after waiting ten minutes, 
went alone to the heading to ascertain the cause, and if possible to reprime the charge. Some- 
times it was only necessary to relight the fuse, but more often the tamping had to be removed to 
about 8 in. above the charge, a new primer placed in this space, and the charge re-tamped and 
fired. Each time that this had to be done, the two charges exploded at the same moment. When 
the action of the ventilator rendered return to the face ible, the men proceeded with their tools 
to complete the work begun by the pores by breaking down the masses which had been dis- 
placed, but not completely detached from the rock. The larger portion of tho broken rock 
resulting from the éxplosion, was found lying in small fragments at the foot of the face of the 
heading attacked; stones were somctimes thrown to a distance of 40 or 50 s. To avoid risk 
of aprile the men working in every part of the heading retired to a safe distance before the 
explosion. 

In America it is the practice in tunnelling to drive headings of the full width at once. By this 
mode of procedure a more i progress is effected, especially when machine drills are used. The 
method also leads to a notable economy of explosives. The system of wide headings is very favour- 
able to machine labour, and must, therofore, ultimately be generally adopted, The subject is more 
a considered under ‘ Rock-drilling,’ 

he following table relative to the blasting of one of the headings in the Hoosac tunnel will be 
found highly instructive, inasmuch as it affords the means of comparison betwcen different systems, 
and gives important data whereon to ground estimates of other undertakings. 





Heading driven 
East Heading. Vast from West 
Shait. 





~~ Renee ee mee _ 


Nov. 1, 1865, to June 14, 1866, to | Nov. 1, 1865, to 
June 8, 1866. Nov, 1, 1866. Nov. 1, 1866. 
Hand Jabour and Machine drills Hand labour with 
bluck powder. | with black powder.| black powder. 
Area 105 sq. ft. Area 105 sq. ft, Area 105 sq. ft. 








eS 


Days of labour, including foremen .. .. .. 5,476°00 4,350°00 10,101°00 
Number of machines sent out ..  .. 0 1. 0 ow * 979°00 He 

Drills dulled... ..) .. 0. ue ww we Swe: |:«:12, 48900 9,836:00 188 ,505°00 
Inches of holes drilled oe eee wee | OD, 789°00 161 ,504:°00 477 ,450°00 
Number of holes drilled ..0 .. 2. ee ows 9,828°00 5 ,229°00 18,186°00 
Pounds of powder used ww wk wets 6, 563-00 6,318°00 9,704°00 
Feet of fuso .. 1. 6. oe ne vee Swe | «= 80, 202-00 21,951°00 40,896:00 
Pounds of candles.. .. os 6 os «8 « 2,606°00 2,268°00 3,447°00 


Feet of progress made... ..) .. «1 00 oe 400°00 191-00 637° 00 
Oubio yards of rook removed .. .. .. =. 1,517°00 926:00 2,858°00 


Giving for 1 day’s labour of 1 man— 





Drilling machines broke down .. .. .. os a 0:255 ae 

Drills ulled ee ee ee e¢ ee es ee oe 20°540 2:146 18°662 
Tuches of holes drilled Se, ue ede Vu. We 46°703 87°128 44-298 
Number of holes drilled 4. .. «2 os oe 1-795 1°204 1°800 
Pounds of powder used ww ws tes 1°198 1°451 0°961 
Feet of fuse used ae ea ee es ae ee e6 5°515 5°046 4°049 
Pounds of candles used www tees 0:476 0°521 0°342 
Feet of progress made... .. 2. 1. aes 0:°073 0-044 "068 


0 
Cubic yards of rock remo aa ae ee 0°277 0-213 0'233 
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Heading driven 
East from West 
Shaft. 






East Heading. 








mance acm 


Nov. 1, 1865, to | June 14, 1866,to | Nov. 1, 1865, to 
June 8, 1868, Nov. 1, 1866 Nov. 1, 1866. 

Hand labour and Machine drills | Hand labour with 
black powder. | with black powder.| black powder 

Ares 105 aq. ft. Area 105 sq ft. Area 105 sq. ft. 





















On 1 ft. of advancement required— 





















sa coral of drilling machines woreing ~ e 29-718 a 

Day's labouroflman.. .. 0 1 ss ss os 13-674 5°112 15°865 
Drills dulled... 6. ou on ewes 280°871 48°752 296°066 
Inches of holes . «1s oe ee wet 638 : 624 843°363 702°'764 
Number of holes .. 0.0 40 us ewes 24°589 27° 305 28 563 
Pounds of powder... .. 0 «6 «5 os oe ws 16°887 $2966 15°241 
Feet offuse ..  .. 6. ss oe oe teas 75°410 114°626 64°231 
Pounds of candles Te ee ee ee ee 6:°506 12°842 5°514 
Cubic yards of rock removed .. .. wo 3788 4°834 3°703 
Average depth of holesin inches .. .... 26°025 30°886 24°604 
war of holes in inches cut by each single 9°274 17°299 2°374 

1 ee ee oa ee ee ee os ee oe 

Pounds of powder consumed in each hole... 0°668 1:207 0°533 
Feet of fuse used for each hole .. ..  .. oe 83°073 4°178 2°249 
Depth of holes cut by each drilling machine ., oe 164°968 me 

Number of holes cut by each drilling machine ° 5° 341 “ 












Holes, 1 inch | Holes, 1§ to 1¢) Holes, 12 inch 
diameter. inch diameter,| diameter. 





_ Books on Blasting.—André (G. G.), ‘Rock Blasting,’ 8vo, 1878; ‘Practical Treatiso on Coal 
Mining,’ 2 vols., 4to, 1876. Drinker (H. §8.), ‘ Tunnelling, Explosive Compounds, and Rock Drills,’ 
4to, Le pee (Ernest), ‘The Modern Practice of Well-Sinking and Boring,’ crown 8vo, 1875. 


The economical production of steam is one of the most involved of probloms and consequently 
steam boiler design is a matter as varied as can be. It is not our purpose here to treat it exhaus- 
tively, but to illustrate some of the best forms of construction, which have been practically tested 
aad produced favourable results. Boilers are designated by names indicating their construction, 
shape, position, use, or locality in which they are extensively made, and frequently by the name of 
the inventor. 

A pair of ordinary Cornish boilers, as they are constructed and set in the English county from 
which they derive their name, is shown by Figs. $83 to 385. Each has tho following dimensions ; 
diameter 6 ft. 6 in., diameter of furnace tube 4 ft. 2 in., thickness of shell ,%, in., thickness of tube 
+ in., length of boiler 30 ft., weight 10 tons. The ends are stayed by means of gusset stays formed 
of +4 in. plate and double angle irons. The furnace tubes are often Heonuthond by means of angle 
or | iron rings, this is desirable although not adopted in the examples, Figs. 383 to 885. The 
furnace gases are made to pass from the tube by splitting the draught along the sides; they then 
meet under the boiler in the bottom flue, and thence to the chimney. 
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The Lancashire boiler differs from the Cornish, in having two furnace-tubes, In both 8 
of boiler the shell is cylindrical, the ends are flat, and the furnace-tubes are carried through from 
front to back, below the ordinary water line, while the boilers are laid horizontally and fired inter- 
nally. Internal firing is essential either to Lancashire or to a Cornish boiler. If the fires are 
put underneath they are simply externally-fired single or donble-flued boilers respectively. 

Lavington E. Fletcher, in 1876, described a typical form of the Lancashire boiler os was 

L 
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the result of extended operation and tical research. To Fletcher we are mainly indebted for 
the following particulars, which apply to the Oornish boiler, and to all the variations of the 
Lancashire, as oe their setting, equipment, construction of shell and furnace-tubes, ig boat 
with the improved form advocated by m, which has been very generally adopted and founp 
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to give satisfactory results. This is shown in longitudinal section Fig. 886, Fig. 887 is an 
end elevation, and Fig. 888 a transverse section; it is safe for a working pressure of from 75 
to 100 lb. a sq. in. Its structure is elastic, so that it may not be rent or disturbed by the move- 
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ment of the parta, Peta from alternate expansion and contraction ; and is #0 set and the fittings 
are 20 arranged that the whole may be rocessible to inspection. 
The Lancashire botler has many yariafions, besides the simple form, Fig. 386. Of these in the 
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Galloway boiler, the furnaces instead of running through from one end to the other unite in an oval 
flue strengthened with conical water pipes. That shown in plan, Fig. 889, is made very short, and 
one flue is removed and replaced with thirty-five tubes, the remaining flue contains the te and 
is Lt gli by*two Galloway tubes. <A large combustion chamber at the back is strengthened by 
® third tube of the same kind. Access can be had to the tubes at the back end through a man- 
hole closed by a firebrick block. This boiler is adapted for use in confined situations, and is made 
s0 as to reguire no brickwork setting, the products of combustion being led off to a flue by a hood 
of wrought iron, seen in front of the tubes to the left of Fig. 389. In the Multitubular form, the 
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furnace-tubes unite in a combustion chamber, from which a number of small flue tubes, about 3 in. 
diameter and 6 ft. long, run to the back of the boiler Hill’s Multiflued boiler has seven flues nbout 
11 in. diameter and 8 to 10 ft. long, which take the place of the small fluo tubes in the multitubular 
boiler, There are also others in which the furnace-tubes branch off to the sides or the bottom of 
the shell, instead of running right through to the back end. 

Short boilers are found to do more work in proportion than long ones; this has been confirmed 
by experiments on the rapidity of evaporation by Charles Wye Williams and others. Short boilers 
also strain less than long ones, and are therefore less liable to need 1epair. A length of 80 ft. 
should be the maximum; with regard to the minimum, some Lancashire boilers to suit particular 
positions have been made as short us 21 ft. and found to work well, though the fittings become 
rather crowded. The length recommended and now generally adopted is 27 ft. 

The diameter of the boiler is governed by the size of the furnaces, which should not be loss 
than 2 ft. 9 in, to admit of a suitable thickness of fire and afford convenience in stoking. Thick fires 
are more economical than thin ones, The space between tho two furnace-tubes should not be less 
than 5 in., and that between the furnace-tubes and the side of the shell 4 in., in order to afford 
convenient eee for cleaning and for the free circulation of the water, as well as to give sufficient 
width of end plate, for enabling it to yield to the expansion and contraction of the furnace-tubes. 
With this width of water space, it will be found that furnace-tubes having a diameter of 2 ft. 9 in. 
require a shell of 7 ft., which will affurd a headway of about 2 ft. 9 in. from the crown of the 
furnaces to the crown of the shell. A furnace 3 ft. diameter gives room for a thicker fire than ono 
2 ft. 9 in., but it requires a shell 7 ft. 6 in. diameter. For high pressures, the smaller diamcter of 
7 ft. is generally preferred, and is adopted as a standard size for mill boilers throughout Luncashire, 
though one of 7 ft. 6 in. makes a poed boiler and gives a greater Ind. H.P. to the lineal foot of 
frontage than one of 7 ft. The diameters both of the shell and of the furnace-tubes are measured 
internally, that of the shell being takcn at the inner ring of plating. 

The ends, more espccially the front, are the seat of the grooving action which occurs in 
Lancashire boilers when disproportioned. These grooves occur inside the boiler and around the 
furnace mouth. They are the product of mechanical and chemical action combined. The plato is 
fretted by being worked backwards and forwards by the movement of the furnace-tubes, consequent 
on the action of the fire, and when in that condition is attacked by the water. To prevent this 
grooving. the ends should be rendered elastic s0 as to endure the buckling action without fatigue. 
To securo this elasticity there should be not only a sufficient width of end plate between the two 
furnace-tubes, as well as between them and the shell, as already explained, but also a space of 9 in. 
between the centre of the bottom rivet in the gussets and those at the furnace mouth. Five gusset 
stays are found to work in better than any other number. With five gusscts, one falls on the 
centre line, which is not only the weakest part of the front end plate and thus where it requires the 
most support, but also where it can be held fast without resisting the movements of tho furnace- 
tubes The part of the end plate that should be left free is that immediately over the furnace 
crowns. With four gussets, the end plate is more unguarded at the centre, which is the weakest 
part, and more confined immediately over the furnace-tubes, which is the line of motion. 

The thickness of the end plates is sometimes as much as in. for pressures of 60 Ib. a aq, in. 
This thiekness however is quite unnecessary, and only tends by its ngidity to cramp the furnace- 
tubes and strain the parts. Half an inch has been repeatedly and successively adopted in boilers 
fur pressures of 75 lb. a aq. in., and {8th in. when that pressure has been exceeded. These thick- 
nesses have proved amply sufficient. . 

Longitudinal stays are frequently introduced to assist the end plates, though not absolutely 
necessary where the gussets are substantial. They are shown at B in Figs. 386 to 388, and are 
secured at each end with double nutes, and placed 14 in. above the level of the furnace crowns, 
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as close together ae convenience will allow. When placed directly over the furnace crowns, and 
only a few inches above them, they confine the furnace-tubes too strictly, end straining ensues. 

© increase the elasticity of the front end plate, it should be attached to the shell by an 
external angle-lron, rather than by an internal one or by flanging. It is not necessary to attach the 
end plate at the back of the boiler with an external angle-iron, and when this has done, the 
angle-iron has been found to be injured by the action of the flame. | ; 

Both of the end plates, instead of being made in two pieces riveted together at the joint, are 
welded, in the boiler, Fig. 886, This affords a flat surface, which in the case of the front end is 
more convenient for the attachment of the mountings. Also both of them are turned in the Jathe 
at the “— edge, 80 ag to be rendered perfectly circular, and are bored out at the openings for the 
furnace-tubes. 

The longitudinal joints in the furnace tubes are welded when the plates are of iron, and double- 
riveted when of steel, each belt of plating being made in one length, and thus having but one lon- 
gitudinal joint. All the transverse seams of rivets are strengthened with Adamson’s flanged joint, 
or with an encircling hoop either of Bowling iron, T-iron, or other approved section. Adamson’s 
flanged scam is shown in cross section in Fig. 390, the T-seam, Fig. 392, the Bowling hoop,, 
Fig. 891, and the Bolton steel hoop, Fig. 898. One of the evils that has attended internally- 





fired boilors has been the frequent collapse of the furnace-tubes; but this danger is completely 
avoided by strengthening the tubes as just described, whereby, instead of being weaker than the 
shell as bofore, they are rondered stronger. This has boen shown by experimental bwating tests, 
in which, while the shell has been burst repeatedly, tho furnace-tubes have not suffered at all, nor 
shown any movement on being gauged. In some cases Petrie’s water pockcts, Figs. 895, 396 





and in others Galloway’s conical water pipes, Fig. 394, ate introduced as a precaution against 
collapse ; while in others again the water pipes are made parallel, as in Fig. $88, and either riveted 
or welded in place, so as to form one piece with the flue tube, In all cases, however, the transverse 
scams of rivets over the fire should be strengthened with flanged seams or encircling hoops ; and it’ 
is desirable to continue this mode of construction throughout the entire length of the boiler, whether 
water pockets oy water pipes are introduced or not. 

_ The thickness of the plates in the furnace-tubes is sometimes as much as in. This leads to 
violent straining and frequent leakage at the furnace mouths, and other transverse seams of rivets. 
Many furnace-tubes 2 ft. 9 in. diameter, ela only te in, thick, have stood a hydraulic test of 
120 Ib. on the 4 in. without movement, and have worked satisfactorily for years at a steam pros- 
eure of 60 lbe, It is advisable, however, to have them a little thicker than this, in order to afford a 
margin for waste through corrosion, and slso, when the flanged seam is adopted, in order to allow 
for the thinning that occurs in drawing the metal to make the flange. A thickness of 3 in. is suffi- 
ctent for a working pressure of 75 lb. on the sq. in., 3} in. for a pressure of 80 Ib. or 90 lb., and 
yz in. for 100 Ib. on the aq. in. 

Stays are sometimes introduced for supporting the furnace-tubes. Such stays, however, in the 
Lancashire boiler are unnecessary, and when rigid are decidedly objectionable. Furnsce-tubes 
should be left free to move. As soon asa fire is lighted within them the top of the tube becomes 
hotter than the bottom and elongates. This makes the tube arch upwards, tubes tyed to 
The hell, which yy an. thick fr 

ell, w is ¥, in, for a preasure of 75 Ib. on the aq, in., and ,% in. thio’ for a 
sure of 100 1b., is composed of plates about 8 ft. wide, which are aid in aoe more than three 
engths round the vireumfcronce, in order that the longitudinal seams may cicar the brickwork 
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aeatings, The longitudinal seams are so arranged as to break joint, and avoid the centre line along 
the top and bottom of the boiler. ; 

There is no steam dome in the boiler, Fig. 886. Fletcher considers steam domes sive, 
weaken the shell, and often give trouble from lenkage at the base. Added to this they are 
inconvenient in as well as in revolving a boiler on its seat, which is sometimes desirable 
for repairs; they are inconvenient in covering the boiler over, and in the great majurity of 
cases, if not in every instance, they are for stationary boilers perfectly useless. To prevent piiming, 
an internal perforated pipe O, Figs. 886, 888, is adopted in place of the dome. 

The manhole D, Fig. 386, is guarded with a raised mouthpiece of wrought iron, welded into one 
piece, sy at the bottom and attached to the boiler with a double row of rivets, the thickness of 

he upper flange being { in., and of the body in, This has been found to stand a test of 800 Ib. 
on the aq. in. without the slightcst indication of straining. It is too frequently the practice not to 
strengthen manholes with any mouthpiece at all, Many explosions have arisen from this cause, 
rents starting in the first place from the unguarded manhole, and then extending all over the boiler, 
The loss of strength is owing not only to the loss of metal cut away by the opening, but also to the 
action of the cover, which in unguarded manholes is generally internal. This internal cover beara 
on a narrow edge of plating all round, and is driven outward by the pressure of the steam, and also 
pulled in the sume direction y the bolts in tightening the joint. In fact the cover acts as a sort of 
mandrel, which being forcibly driven through the manhole splits the boiler open. A heavy 
hydraulic test shows this action of the cover, by curling the boiler plate up around the manhole. 
Added to this, the joint is ap to leak, and thus to induce conosion and thin the plate, wlich not 
only reduces its strength, but leads to extra force being applied to tighten tho jomt. It hag 
been the general practice to make raised mouthpicecs of cast iron. This, however, is not 
wise for the high pressures now in use. A raised manhole having ack ar opening of 16 in, diameter, 
which is the usual size, involves a hole in the shell plate at its baso of about 20 in. diameter. The 
pate in which this hole is cut, unless it is duly strengthened, becomes the woakest part of the 

oiler when the longitudinal seams are double-1iveted, the furnace-tubes suitubly strengthened 
witb encircling rings, and the ends well stayed; so that the stability of the ontire structure depends 
on the manhole, if that fails, the whole structure fails, Under these circumstances it is evidently 
unwise to risk the safety of the boiler on a piece of cast iron. 

The mudhole A, Figs. 886, 887, at the front of the boiler, bencath the furnace-tubes, is also 
fitted with a substantial mouthpiece, This in some cases is external, like tle manhole mouthpiece, 
and in others internal, as in Fig. 386. The internal ones have the advantage of being less 
in the way. In either case the surfaces at the joint, between the body of the mouthpiece and the 
cover, are faced true, so that the parts may be brought together meta] to metal. 

The safety-valves E and F, and the steam stop-valve G aro fixed to the shell, each with its own 
independent opening, and not grouped upon the manhole mouthpicce as 18 sometimes the case. 

In old-fashioned practice the fittings were bolted directly to the cylindrical portion of the shell. 
This led to the wasting of the shell through leakage at the joints; so that it has long since been 
the practice to rivet short stand-pipes to the cylindrical portion of the shell, and bolt the fittings 
thercto, the juint surface between the flanges being planed up true. These stund-pipes, frequently 
termed fitting blocks, are not only more convenient for the attachment of the fittings, but algo, 
being riveted to the plate and made of substantial section, strengthen the plate round the hole cut 
in the shell, They are as a rule made of cast iron, but it becomes a question whether, with the 
high pressures now in use, they should not be made of wrought iron, 

The seams of rivets running longitudinally in the cylindrical shell aro all double-riveted, with 

in. rivets, pitched about 21 in, lungitudimually and 2 in. diagonally. The remaining seams 
throughout the bo.ler are singlo-riveted only, the rivets bcing 2 in. pitch. 

The riveting is done by machine in preterence to hand im the cylindrical shell, in the furnace. 
tubes, and as far as practicable in the flat ends. The rivet holes in the angle irons, T-irons, and 
flanged scams are drilled, those in the plates being punched by most mukers; though by some the 
holes are drilled throughout, and the practice of diilling is strongly advocuted by them. The edges 
of the plates at the longitudinal seams of rivets are planed and caulked lightly, inside as well as 
out; though in many cases caulking is superseded by fullermg. 

As a rule, boilers of this description are of iron in the shell, while stec] plates arc frequently 
introduced in the furnace-tubes for a length of 9 ft. over the fire, and sometimes from one ond of 
the boiler to the other. For the furnace-tubes stec] plates have been found to answer well, but 
“best best ” iron plates from first-class makers are employed for shells, more importance being 
attached to their ductility than to thcir tensile strength. Brands, however, are uncertain, and it 
is desirable that a complete system of testing should be adopted before a boiler is made, one plate 
out of the set proposed to be used being tested as a check, the investigation having special reference 
to ductility. Low Moor rivets are frequently used. 

The fittings are so arranged, that those requiring se \ ey access are immediately within reach 
of the attendant, when sanding in front of the boiler. e feed is introduced on one side of the 
front end plate, about 4 in. above the level of the furnace crowns, an internal dispersing pipe H 
Figs. 886 to 888, being carried along inside the boiler for a length of about 12 ft, and perforated 
for the last 4 ft. of its length. On the opposite side of the-front end plate is fixed the scum tap, to 
which is connected a series of sediment-catching troughs K, Fig. 388, fixed inside the boiler, In 
the centre of the end plate are two oo water-gauges J J, Fig. 387, so that onc may act as a check 
upon the other, a pointer being fixed to show the correct height at which the water should be kept. 
Immediately above the water-gauges is » dial pressure-gauge, and above that a dead-weight safety 
valve E. ‘Thus whenever the attendant opens the furnace doors to charge the fires, he has the 
height of the water and the pressure of the steam directly before him. Under his feet is the blow- 
out tap, and behind him the coal supply, so that everything is ready to hand. Ho has not to climb 
a ladder in order to reach the water-gauges, or ascertain the steam pressure, nor to mount on the top 
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of the boiler in order to regulate the feed supply. A handle for regulating the dampers is frequently 
brought to the boiler front. On the a the boiler are two safety-valves, one a dead-weight 
valve BE, the other a low-water valve F, Big. 886. 

But convenience in manipulation ig not the only reason for this tee of fittings. If the 
feed is cold and introduced near the bottom of the boiler, it is apt to induce local contraction, and 
strain the transverse seams of rivets at the bottom of the shell; but when imtroduced near the 
surface of the water, and passed through an internal perforated pipe, it becomes dispersed before 
fulling to the bottom. Further, although non-return valves may be introduced, they will sometimes 
fail and permit the water to escape, allowing the furnace crowns to become bare and overheated. 
When the feed inlet is placed above the level of the furnace crowns, 1t will be seen that they 
cannot be drained bare by leakage at the non-return valve; but when placed at the bottom of the 
boiler, the boiler may then be emptied by such an occurrence. 

The furnace mouthpieces N N, Fig. 387, are of wrought iron, finished off with a brass beading, 
and kept withir the circle of the rivets, so a8 to leave them exposed to view. The firedoors are 
fitted with a sliding ventilating grid on the outside, and a perforated box baffleplate on the inside, 
the aggregate area of the air passages being about 50 eq.in for each door, or about 3 aq. in. to cach 
sq. ft. of firegrate. The firegrate is 6 ft. long, with the bars in three equal lengths, about 3 in. 
thick, and spaced 3 in. apart. The bearers consist of two wrought-iron bars, carried on wrought-iron 
brackets, riveted to the sides of the furnace-tubes. The standard length of grate is 6 ft., but a 
shorter one is productive of economy, though the concentration of the fire is more trying to the 
boiler, and has been found, where the feed water has not been good, to injure the furnace plates, 
and render lengthening the grate necessary. 

All connection to boilers should bo elastic, so as to allow of their movement. If the main 
gteam-pipe is carried across the boilers and bolted direct to the steam junction-valve, the joints 
are strained by the rising and falling of the boilers, as they are set to work or laid off. To prevent 
this, a spring length should be introduced hetween the steam stop-valve G and the main steam- 

pipe, as in Fig. 386, Where the main geerior uty hag a considerable length to travel to the engine, 
it should not be taken in a direct line, but should either be carried round the boiler house or be 
led in a horse-shoe shaped course, to give elasticity; this 1s better than introducing an expansion 
joint, which is not always reliable. The feed connection should be elastic, for this purpose a 
copper elbow connecting-pipe P, Figs. 886, 387, is introduced between the main feed-pipe and the 
stand-pipe; in some cases a wrought-iron horse-shoe shaped pipe has been adopted instead with 
very satisfactory results. 

Connections between the steam stop-valve and main steam-pipe are frequently made to incline 
upwards, but the steam-pipe should drain towards the engine, and not towards the boilers, 1ts course 
being intercepted by 9 separator, fixed as near the engine as convenient. The principle on which 
these sepurators act is that of making the steam take a sharp turn, s0 as to shoot off tle water 
mixed with it into a catch-chamber prepared for the purpose. 

The weight of such a boiler as that in Figs, 886 to 388, when 7 ft. diameter, 27 ft. long, and 
made of plates ,;, in. thick, is about 12 tons without fittings; with fittings 15} tons. 

It has a heating surface in the external shell of 870 aq. ft.; in the furnace-tubes, without water 
pipes, 450 aq. ft.; in the water pipes 30 aq. ft.: making a total of 850 sq. ft. The firegrate has an 
area of 38 aq. ft.; thie gives for every square foot of firegrate 26 aq. ft. of heating surface. 

In feed-water heaters the surface varies ; sixty pipes, cach affording a heating surface of about 
10 aq. ft., are a baa introduced for each boiler, making a total heating surface of 600 aq. ft., or 
about three-fourths of that in the boiler. 

From 15 to 20 tons of coal in a week of sixty working hours, or from 17 lb, to 23 lb. to each 
sq. ft. of flregrato an hour, may be burnt in such a boiler without distressing it or making smoke, 
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eas of fire, throw un the coal little and often, admit 
firing, and avoid the use of the rake. The coal may 
re, or thrown at alternate firings first to one side of 


all that ia needed is to maintain a good thi 
& little air above the bars for a short time a 
either be spread over the whole surface of th 
the furnace and then to the other, on the side g system. . 

The boiler, Figs. 897, 398, is of the form desi by Fairbairn, with a view of securing great 
strength and extended heating surface. That scdn in the figures is intended for pressures up to 
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150 Ib. on the square in. 
8 ft. 9 in. diameter, two of them having internal tubes, B 
diameter, containing the furnaces C. The flames pass along 
the ends, where they combine, and re- 
turn over the tup of the lower tubes, 
and along the bottom of the upper tube, 
which is half full of water, and thence 
passing downwards below the lower 
tubes to the flue. 

Circulation is maintained by means 
of six connecting tubes D D, arranged 
along the length of the boiler. The 
furnace flues are attached to the two 
bottom tubes by faced joints and screw 
bolts at each end; internal rollers are 
also attached to the bottom and sides, 
and, by meres oe bolts at the 
enda, the flues may be withdrawn, thus 
rendering the interiors of the tubes 
accessible for cleaning or repairs. Such 
boilers generate steam rapidly, but are 
somewhat expensive to manufacture. 


we 


= 


It consists of three exterior wrought-iron tubes A A, 
B, of the same length by 
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22 ft. long and ¢ 
2 ft. 9 in, 
the entire lengths of the furnaces to 
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Boilers designed with the two-fold object of small water-space and small areas exposed to 


ressure, occupied much attention when high pressure steam 

into favour from the proved economy 
boilers; they therefore descrve 
careful consideration. The objects 
aimed at in boilers of this class 
arc, to remove danger by avoiding 
largo accumulations of highly 
heated water, and to make the 
parts so small as to avoid severe 
strains on the matcrial of con- 
struction. 

Some of the earliest high- 
pressure boilers were made of 
cast-iron pipes of small diameter, ; 
as in the early Woolf boiler, : 
Fig. 399, which consisted of a! 
layer of horizontal cast-iron pipes, .. 
12 in. diameter, exposed to tho ~ 
direct heat of the firo externally, 
connected above toa larger pipe 
and this again to a steam re- 
eviver. In this boiler the prin- 
ciple of employing small water 
spaces, and arcas exposed to pressure, 
joints rendered them neither durable nor safe. 

Whaon lIneamoativer were first employed on the common 
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boilers were designed, such as Hancock’s, 
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of higher pressures of steam than are 


Fig. 400, which consisted of a set 


was first used, and have again como 


safo with ordinary 





rouds, some ingenious forms of tube 





of vertical wrought- 


iron tubes 4} in. diameter, arranged in rallel rows, each tube having # small fiue-tube 2 in. 
Aiamator Bol Sr through it. for inerensing the heating surface, an in Figs. 401, 402. The 
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tubes were connected together by small fead and steam pipes, and communicated with a steam 
receiver on the top, and the whole was enclosed in an external iron casing. Another arrange- 
ment for a similar purpose was Ogle’s boiler, illustrated at p. 482 of this Dictionary. Both these 
plans of boilers were used with success, and attempts were also made to use a set of thin flat 
chambers, as in Hancock's boiler, Fig. 403, connected together at top and bottom by a single steam 
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pipe and feed pipe, Fig. 404. The flat chambers, however, wero found to depend for strength too 
much upon stays, and various plans of corrugated and bulged plates wore tried with indifferent 
suCcccaS, 

Jumeg’ boilor, Fig. 405, already described at page 430 of this Dictionary, was composed of a series 
of annular cast-iron tubes, about 6 in. sq. in soction, and 3 ft. diameter inside, which wero placed 
side by side, and connected together by a water pipe at the bottom and a ne 
steam pipe at the top, as in Fig. 406; the cast-iron tubes thus formed a 
cylindrical space, within which the fire was placed, the whole being enclosed 
within a metal case. 

When it was found that vessels of large diameter could be made of 
riveted plates, and capable of standing high pressures, the early small 
water-space boilers fell into disfavour, aud the few then designed were little 
used. It has only been recently that the principle of small water-spaco 
boilers has becn revived, in consequence of the rapidly growing demand 
for higher pressures of steam than are admissible with the ordinary largo 
boilers ; and the following examples will serve to illustrate briofly the very 
ingenious principles of construction that have been brought out for this 
purpose. One of the egrliest was Perkins high pressure boiler, described 
at nage 465 of this Dictionary; boilers on this plan are atill at work. 

The construction of the improved Perkins boiler, as described by the 
inventor in 1877, is shown in Figs. 407,408. The horizontal tubes are 2} in. 
internal and 8 in. external diameter, excepting the steam collecting tube, 
which is 4 in. internal and 5} in. external diameter. The horizontal tubes 
are welded up at each end 3 in. thick, and connected by small vertical tubes, 
Figs 409, 410, of 4 in. internal and 1,5, 1m. external diameter. The firebox 
is formed of tubes bent into a rectangular shape, placed 1} in. apart, and 
connected by numerous small vertical tubes 7 in. diameter. The body of the 
boiler is made of a number of vertical sections, composed of eleven tubes, connected at each end by 
@ vertical tube; these sections communicate at both ends by vertical tubes with the top ring of the 
firebox, and to the steam collecting tube. 

The Perkins vertical connecting pipes aro screwed into the horizontal tubes with right-and-left- 
hand threads, in the case of all the tubes cole | the separate vertical sections above the firebox, 
beiug screwed simultaneougly into the upper and lower tube, at A A, Figs. 409, 410. The ring 
tubes forming the firebox are connected by backing-out joints, like those used in making gas 
connections, the connecting pipe being screwed with a right-hand thread at both ends, as at C O; 
in putting the rings together, the short connecting pipe is first screwed up into the upper ring to 
double the required distance, and then backed down into the lower ring; so that, whichever way 
the connecting pipe 1s turned, it screws itself in at one end and out at the other. This arrangement 
affords the means of taking out and replacing any one of the ring tubes ee the firebox, 
without altering the vertical distance apart, between the adjacent tubes above and below. For 
connecting the main a ctions of the boiler with the steam collecting tube at top, and with the 
firebox ring tube below, a differential joint B is used. A separate short pipe is screwed right-hand 
into each of the tubes to be connected, the threads being 15 to the in., as in all the rest of the joints 
throughout the boiler; and these two connecting pipes are united by a coupling socket, screwed 
sight-hand at both ends, but with 11 threads to the in. at the top end and 15 at the bottom; this 
rocket is firat ecrewed down to double the required distance upon the lower connecting pipe, and 
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then backed upwards upon the upper, the differential thread having the effect of drawing together 
the two ends of the connecting pipes, and thereby compressing a copper washer in between 
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them, to form a perfectly steam-tight joint. All the 
screwed joints into the tubes of the boiler arc made 
tight by caulking, after being screwed up. The 
differential joints admit of tuhing out and re placing 
any one of the sections of the boiler over the fire, 
without interfering with any of the others. 

The whole of the boiler 1s surrounded by a double 
easing of thin sheet iron, filled up with vegetable 
black to avoid loss of heat Every tube 1s separately 
ploved by hydraulic pressure to 4000 Ib. on the 
a4 in., and the boiler in its complete state to 
2000 Ib, this pressure remaining in for some hours 
without showing any signs of leakage. Experience 
of a very extensive character has proved that this 
construction of boiler can be worked safely, with 
great regularity, and without priming, and that the 
steam produced is remarkable tor its freedom from 
moisture. The area through the vertical connecting 
tubes is found ample for allowing of the fice 
escape of the steam, and for the prev: ution of injury 
from overheating of the tubes in contact with the 
flame. 

Combinations of small wrought-iron tubes have 
been employed in various ways for boilers, and an 
example of one arrangement is the Belleville boiler, 
Figs. 411, 412. This consists of a series of 

lel horizontal tubes about 4 in. diameter inside, 
each of which is carried up from the bottom to the 
top of the boiler, by a succession of bends overlying one another; and each thus forms a separate 
course, from the feed pipe running along the bottom to the steam pipe along the top. 
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Another arrangement is the Jordan boiler, Figs. 418, 414, consisting of rows of vertical tubes 
8} in, internal diameter, connected together In row at top and bottom. 

A boiler on an entirely different principle of construction is the Harrison boiler, Figs 415, 416, 
which is composed entirely of a number of small hollow cast-iron balls of 8 in. externa dia- 
meter, cast in sets of four balls, and arranged in parallel inclined lines; the balls in each line are 
in communication throughout, and are strung together upon a long bolt that is screwed up at each 
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end; the several lines of balls communicate together in vertical rows, Fig. 416. This plan of 
boiler is in considerable use in America; but it has not proved successful in England, owing 
to the trouble caused by the hability of the cast-iron balls to split in working, and the delay of 
removing and replacing them, and also in consequence of the difficulty of keeping all the 
numerous joints steam-tight. The castings are all made with faced joints, finished to an exact 
gauge and fitted togethe: metal to motal, and the very accurate adjustmonts that have consequently 





to be maintained throughout, for keeping all the numerous jomts steam-tight, is liable to be 
disturbed by irregular expansion occurring in working the boiler. The shape of the balls is also 
found objectionable, in consequence of their forming a succession of pockets throughout the water 
space, and thus serving for the retention of deposit. 

Another novel boiler is that of Benson, shown at page 474 of this Dictionary, and to which 
we need not further allude. 

The demand for steam fire-ongines led to the introduction of boilers for generating steam ve 
rapidly, and having small vertical tubes hanging down into the fire with their lower ends closed. 
These boilers have a rescrvoir of water of some oxtent externally, but by filling up the space with 
hollow copper vessels, suspended inside the tubes, the quantity of water contained in the boiler 1s 
reduced to a small amount, in order to allow of getting up steam in a very short time. A difficult 
was found, however, with these pendent water tubes, from their soon becoming choked up wi 
deposit and getting burnt; and the steam was sometimes generated so rapidly in the tubes as 
to blow the wafer out, causing the tubes to be overheated and consequently to get out of shape and 
becomo leaky. This difficulty was then overcome by obtaining a continuous circulation of water in 
the tubes, by the introduction of small internal circulating tubes, through which a down current of 
cooler water is secured from the reservoir above, undisturbed by the rising steam in the upward 
ourrent of heated water in the outer annular space, 
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The circulation action was rendered more certain by the funnel-shaped top of the internal 
Field tube shown st p. 472 of this Dictionary. This plan has also been used to a considerable 
extent as an addition to ordinary large water-space boilers, for increasing their heating surface. 





{ In the Howard boiler, p. 469, a series of 
horizontal wrought-iron tubes of © section 
are arranged longitudinally in a layer over 
the fire, and on each of them stands a row 
of vertical wrought-iron tubes, each con- 
taining an internal circulating tubo, Figs. 
417, 418. The vertical tubes @re about 
8 in. diameter, and are screwed into the ; 
flat side of the bottom horizontal tubes; they are closed at the top with a solid welded end, 
into which a short piece of gas pipe is screwed, connecting each row of tubes to a horizontal 
steam pipe above. 





The Allen boiler, Figs. 419, 420, which is in usc in America, 41” 418 
has a series of rows of pendent inclined tubes about 5 in. diameter, 
closed at the bottom, and all exposed to the fire. The tubes in 
each row are connected at the top by larger horizontal tubcs, 


which communicate with a steam receiver above; the inclined 
tubes are filled with water, which also half fills the horizontal 
tubes. There are not any circulating tubes within the pendent 
tubes, but these are placed inclined with the object of obtaining at at 

a circulation, by the food water descending on one side and the 

steam ascending on the other side. 

Figs. 421 to 423 aro of Firminich’s boiler; Fig. 423 and part 
of Fig. 422 are transverse sections; Fig. 421 a longitudinal view, 
with part of the brick casing removed, and the right hand sido 
of Fig. 422 a half front elevation. The bgiler consists of five 
horizontal tubes, the upper one of which is used as a steam 
chamber, and is connected by two short pipes on each side to the 
lower tubes in the top of the boiler. Those latter are formed | 
with a flat portion underneath, and correspond in section with a 
tho two under tubos. The lower and upper sections are connected 
with double and parallel rows of tubes, converging from the lower | ; ee eee 
to the uppor horizontal tubes. The luwer tubes are connected with a horizontal circulating pipe, 
and at tho rear of the boiler are blow-off and feed pipes, Fig. 421. Thero aro altogether ono 





dred of the long inclined connecting tubes, twenty-five in cach row, but these are not spaced at 
al sien pat throughout, wider spaces being left at two places for the introduction of 
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deflecting walls, to prevent the direct escape of the heat from the farnace. Our figures are of an 
exam: S hich was ochibited at the Philadelphia Exhibition, which was rated at 160 horse-power. 


rere of boilers has been made in which the water space is reduced by the rahe sea 
ra 0 


large steam space in the interior of the water, or by having a series of concentric chambers 
water and steam alternately; but as in all such cases there is still a single external cylindrical 


shell of large size, these boilers are similar to ordinary large boilers, in their exposure to risk of 
explosion from high pressure acting upon a large extent of surface. 
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The following Table, due to Charles Cochrano, of Middlesborough, to whose researches we are 
principally indebted for the information here given on tube boilers, affords a comparison of tho 
water contents in several constructions of boilers, in relation to their respective heating surfaces ; us 
the basis for the comparison, an ordinary Cornish boiler having 500 sq. ft. of heating surface is 
taken, the dimensions being about 30 ft. length and 64 ft. diameter; and the samo extent of 


heating surface, 500 aq. ft., is assumed in each of the other boilers. 
Prorortion oF Water OonTENTS TO HEATING SuRFACE IN BoIueEnrs. 














Approximate Dimensions. 
cen cree Surface | Contents, | occupied, | No of ae 
Boilers, : 
aq ft. cub ft. cub ft. ft ft. ft. 
Chimney .. .. «2 os 500 1120 8,000 4 25 x 5, 2% tube. 
Balloon 4. « . « 500 1005 10,000 1 18 x 18. 
Furnace... «. we 500 909 7,680 1 25 x 9h. 
Oylinder 2. ww 500 775 4,000 1 80 x 44. 
Lancashire... .. .. «. 500 404 2,700 1 28 x ef 24 tubes. 
Gornish «Qo ww we we 500 875 2,900 I 80 x 6%, 4 tube. 
Locomotive ei. fee ek 500 70 860 1° 10 x 4. 
Tube Boilers, average... 500 40 760 1 60 tubes or more. 
500 27 250 5 5 x 2. 


Steam Fire Engines.. .. 


From this Table it will be seen that whilst the Cornish and Lancashire boilers have about 
400 cub. ft. of water for the 500 aq. ft. of heating surface, the Furnace, Balloon, and Chimney 
boilers have more than double the proportion of water contents, but in the tube boilers the pro- 


portion amounts to only one-tenth, or 40 cub. ft. of water. 
of a series of similar wrought-iron tubes A A, Figs. 424, 425, 


Root’s boiler consists entirely 
arranged in parallel layers with clear spaces between all the tubes, and the tubes in each layer are 
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over the spaces in the layer below. The tubes are placed at an inclination of 1 in 8, rising from the 
back towards the front, F'ig.424, and are connected together at both ends by caps O Q, Fig. 426, which 
couple each tube both to the one below and the one above, so as to form a contirfuous communi:, 
cation, in a zig-zag direction, between all the tubes in each successive vertical row. The furnace 
chamber is directly below the boiler, and extends to the same width and length ; and the flame 
and heated gases pass up between the tubes, and escape at a fluo F at the top, which passes down 


423. 424. 


WAN 





















Ss 


AS A 
Ws 
. 


Yi; 










S SS YG 





Ve 








Le 


KY; 
* 
PB; 
ee 
Yj 
Vs 
Yi) 
4 
Yo 


SES IVT SX 
















SSS Vng 
’ 
lf, 


MAYALL TL, 
RRR 


GS 





Vd 


WAN 
Yy 


if, Lifty Shp tet ff ty 4 
SLE. 
Yj YYrryjj 
ZA le 
SKK 


YY 










SS 


Lie 
be 


















s&s 
= 


YHA 


Ll 
Li 


ty 


\ ‘ N 
WMA 





Yj 
L 










YY 





yy 


: 
MY 


a he 


ff 


a 
( 
rf) 


@ 
ip,¥ 


bd) 
1 .@):. 


fad 
Renal 


ik 


or 


IMAG 
Ps 
¥ 


¥ 
la" 
¥ 


7S 
ANd 
oy 
bh 


Ad 


RS 
ay 
y NY 
4 

¥ 

Lay 


WW, 
is 
; 


{ia 
4 
. 
ot 


a? 
+; 


re’ 


Aare? fo wes , 
! nye LAR 


" 
Ma? 


Ne Wich 
Vel > 


f 
2" ‘ 
waar rok ee": 


UR AN 
fra 


» 
fo 


=. 


TART 
Ve 
4,1 ; A 
VG 
4 


Ae 
f 
as 


f 
ba 


— 
[ero J 





outside to the chimney flue. The heated gases are made to traverse the length of the boiler three 
times in passing from the furnace to the exit flue, by three light cast-iron deflecting plates D, 
resting upon the tubes and closing the passage between them, for about three quarters of their 
se from either end alternately. 

he tubes are wrought-iron iat tubes, 4 in. external diameter in the lower rows, 5 in. in 
the upper rows, and 9 ft, long. They are screwed at each end into a square cast-iron head H, 
planed on the four sides, and finished toa uniform ange of 7$ in. width and 8 in. height. The heads 
are fitted close together, metal to metal, in the boiler, so as to form the front and back walls of 
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the boiler setting, Figs. 424,425. Nach of the tube heads has two circular openings on the outer 
face, one above the other, Fig. 426; and oblique hollow cast-iron caps O are fitted upon these, 
jo form the confections to the adjoining tubes above and below. The joints fur these caps are made 
each by a single indiarubber washer } in. thick, fitted into an annular recess, and secured by a 
couple of T-headed bolts, fitting into snuge cast upon the tube heads, with nuts outside. 

The two sides of the boiler are enclosed by brickwork, which is carried down to form the walls 
of the furnace chamber below; and the top is covered in by fire tiles, resting on transverse iron 
girders, with a coating of sand or ashes above to rea in the heat. A row of cleaning holes J J, 
closed by stoppers, is formed at each end of the boiler, extending up each side, and serving for 
examining the boiler, and for cleaning the exterior of the tubes from any deposit of soot and dust. 
This cleaning is done by a small steam jet from a flexible pipe, which is inserted in the several 
cleaning holes; and by this means the boiler tubes are readily kept clean, and the passages between 
thom prevented from getting choked. Each end of the boiler is enclosed by a pair of iron doors for 
the purpose of protection. 

e water level of the boiler is at about two-thirds of the total height. The upper tubes are 
used as a steam chamber, and communicate with an external steam receiver E, 12 m. diameter, 
which extends across the top of the boiler. The connections from the several tubes are made by 
caps, fitted upon the top tube-heads in exactly the same manner as the rest of the connecting caps 
©. There are 90 tubes in all, having a total heating surface of 920 aq. ft., and 58 cubic ft. contents 
of water including the end caps. 

The blow-off and feed, Fig. 424, is arranged so that the blow-off pipes all discharge into one 
transverse mud-drum M, and a single blow-off cock at one end of the drum is connected to an 
internal pipe within the drum, which bas an opening opposite each of the branch blow-off pipes. 
The aperture of the blow-off cock is made larger than the collective area of the holes in the internal 
pipe, to ensure blowing off simultaneously from the whole of the lower row of tubes to the full 
extent. The feed L is introduced in the bottom layer of tubes at the opposite end to the blow-off, 
and the feed pipe is prolonged within each tube, by an internal pipe extending about two-thirds of 
the length, with the object of partially heating the feed water before its discharge from the pipe 
into the boiler. 

In this construction of boilor, the only portions that are exposed to the action of the fire are 
the exterior surfaces of the tubes, and the inner faces of the cast-iron heads. The tubes are plain 
cylinders with lap-wolded longitudinal seams; and their small diameter allows of the mctal being 
only 4 in. thick for a steam pressure of 100 lb. or upwards, with an ample margin of strength, as 
this thickness gives the same tensile strength as 2 in. thickness in a boiler 6} tt. diameter. The 
tubes are all proved to a pressure of 500 lb. on the ie Sage inch before being fixed 1n the boilers. 

Cochrane states that in some experiments made with Root’s boiler, the consumption of coal 
amounted to 683 Ib. during a penod of 8 hrs. 83 mins.. and the quantity of water evaporated 
during the same time had been 630 gallons; the results were therefore a consumption of 178 lb. 
of coal an hour, and an evaporative duty of noarly 10 1b of water to the lb. of coal. The tempe- 
one in the chimney flue during this time ranged trom 300° to 366° F., the firing being with 
Cou e 

Miller's cast-iron boiler, Figs. 427 to 430, is constructed of a series of separate cast-iron 
sections, joined togother at the base of each by flanges and bolts. The sections are of two patterns, 
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each of comparatively small size, 80 as t> contain only a small quantity of water; those at the front 
end are f\-shaped tubes A A, forming a succession of arches over the firegrate. The rear sections 
B B consist each of five vertical tubes cast in one piece, as shown in Fig. 430, united by a transverse 
horizontal tube at bottom and top, and finished at the top with a flange joint upon which is fixed a 
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nt ol The several sections are bolted ther at the bottom by flange joints, the front arched 
tions having two connections, one in each leg, and the rear sections a single one in the centre ; these 
connections form continuous longitudinal tubes at the bottom of the bviler, which are closed by a 
flanged cap at each end. The tubes of the firebox sections are 7 in. diameter inside, and 2 ft. 4 in. 
width in the arched opening; the vertical tubes of the rear sections are taper in form, 4 in. diameter 
inside at bottom and 6 in. at top, and they are 2 ft. 6 in. length in the vertical portion, with an 
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average of 2 in. clear space betwoen the tubes. The connecting flanges of tho rear sections are 
out of centre with regard to the tubes, so that reversing the sections brings the spaces of ono 
opposite the tubes of the next, for the purpose of intercepting the flame and heated Satie more 
effectually. The castings are 3 in. thick, the rear sections weigh about 10 owts., and the trout 
arched sections are about 5 cwts. euch. 
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In the front sections a longitudinal midfeather is cast in each leg, Fig. 429, extending nearly to 
the top and bottom, by which the ascending eurrent of heated water on tho inner side exposed to 
the fire, is separated from the descending current of cooler water on the outer side, In tho rear 
sections an internal circulating tube is suspended in each of the vortical tubes, Fig. 430, causing tho 
heated water to ascend through the outer annular space, and the cooler water to descend within the 
circulating tube, which is of cast iron and is held central by snugs cust upon it. Tho steam is 
taken off from the top by a 2 in. wrought-iron branch pipe C, bent at right angles, and connected 
to a horizontal cast-iron steam main D, 10 in. diamcter, which extends the whole length of the 
boiler, and is carricd outside the brick setting. ‘The branch pipes CC are fixed to each of the 
sections by a flange, bolted to a corresponding flange upon a short neck cast on the top of the 
section; and they are connected to the steam main D by a flange. 

The expansion of the cast-iron sections when heated does not affect the joints, because in the 
rear sections the separate castings are connected together by only a single joint at the bottom, and 
are thus free to expand in any direction without injury. n the front sections the effect of the 
expansion is to widen the arch to the extent of 3 in.; the arched sections are connected to the first 
of the rear sections, for the p of affording a continuous water way through the whole length 
of the boiler, but on one side only, so that they are left free to expand and slide upon the brickwork 
on the other side. The wrought-iron branch steam pipes O, connecting to the steam main D, 
spring to a safficient extent to allow for the excess of expavsion of the cast-irun soctions, without 
causing objectionable strain on the joints. 

M 
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The flange joints of the boiler are faced and put together with wire gauze and red lead, so that 
they can be readily separated and re-made if required; they are finished to a standard template, 
that any portion of the boiler can be readily removed and replaced, without disturbing the reat of 
the sections, which are duplicates. The front sections are all finished to the same length of 11 in. 
at the bottom joint, and the rear sections to 12 in. length. All the joints are completely protected 
from the action of the fire. Those at the top are protected by a layer of britkwork which rests 
upon the castings, as in Figs. 427 and 429; and the rear sections are cast with small projecting ribs 
upon them, which come together when the sections are fixed in their places, thus forming a close 
top to the flue. The whole boiler is enclosed by side walls of brickwork, which are carried up 
above; and the top is covered in with loose cast-iron plates that are readily removed for inspection. 
A large sight-hole with cast-iron cover-plate is made in one side wall opposite every alternate rear 
section, which allows of cleaning all the surfaces of the cast-iron tubes frum soot and dust, by means 
of a jet of steam introduced by a flexible pipe into each of the holes in succession ; this cleaning is 
usua V done about every other maf 

A blow-off cock E is fixed on the front end of each of the two bottom side tubes; the boiler is 
blown off once a week, and a small A anor of the water is also blown off three times in each week. 
The feed water is introduced at FF’, below the fire level; the feed pipe is connected to the bottom 
main on one side of the fire and also to the firat of the rear sections. 

The size of the boiler is repviated by the number of sections employed in its construction ; and 


cd 


more gectio’s can be added afterwards, without disturbing those previously fixed. The usual size 
ot the boiler, Figs. 427, 428, consists of six front and twelve rear sections, and is equal to about 
86 H-P. The effective heating surface of euch rear section, taken from the top of the base piece to 
the centro of the upper chamber, is 23 aq. ft.; and each arched section, tukinug only the inner half 
of the surface, is 7 aq. ft. 

In trialg made by J. Laybourne, of Newport, to ascertain its evaporative power and economy, the 
cast-irun boiler has proved sutisfactory ; in one instance an evapoiative duty was obtaincd as high 
as 114 lb. of water to the Ib. of coal. In this case 6254 gallons of water at 53° Fahr. were 
evaporated in 8 brs. 54 mins. by 560 Ib. of Ebbw Vale Elled coal, amounting to 11°17 Ib of water 
to the Ib. of coal, and equivalent to 11°67 lb. of water evaporated from 100° standard temperature 
of feed; the steam pressure was from 55 to 60 Ib. 

In using the ae class of boilers having small water-space, disappointments have been 
experienced from their not continuing at work without difficultics in keeping them in order; but it 
cinnot be expected that the more complicated and delicate structure of these boilers, can admit of 
the same rough handling, and marked absence of systematic attention, that so commonly occur with 
the ordinary cylindrica) boilers. Again at the cnd of a certain period, dependent on the quality of 
the water used, they must be laid off for cleaning internally, otherwise tlie tubes would be liable to 
become choked up. Regularity of firing and steadiness of feed, are also matters requiring stricter 
attention than ia boilers which contain several hours’ supply of water. 

Plate iron is in many instanccs replaced by steel in the construction of boilers, the soft steel 
obtainable from certain processes being peculiarly suited for the purpose, The following particulurs 
of experiments made by William Boyd, of Newcastlo-on-Tyne, and presented to the Institute of 
Mechanical Engineers, in 1878, are therefore of peculiar interest. 

Boyd’s experimental steel boiler, Figs. 481 to 433, was of the usual marine type, 18 ft. 3 in. 
diameter by 10 ft. 8 in. long, and contained three furnaces, 3 ft. 3 in. diameter; the working pres- 
sure proposed was 65 Ib. on the sq. in., and the total heating surface 1880 eq. ft. It is not necessary 
to refer further to this design than to state the reduction it was proposed to make in the thicknesses 
of the various plates, which was as follows ;— 


Reduction 
per cent. 
Boiler shell plates oo oe oe 0 ee ~Ss from J to $4 = 21°43 
Boilerends  .. 0 6. we ue eee » t fy = 25°00 
Furnaces und combustion chambers .. » tv tye = 12°50 


Front and back tube-plates.. .. ., » £44 = 8 38 


On this design being submitted to the committee at Lloyd’s, whose requirements were the cause 
of the experiments being undertaken, it was approved of as an experiment only, provided the 
material showed the following tests ;— 

1st. That some of the plates taken indiscriminately from among the shell and other plates 
should be submitied to a tensile test, and shown to have an ultimate strength of from 26 to 
$0 tons on the aq. in. 

znd. That a specimen of the rivoted longitudinal aa should be tested, and proved to have a 
porcentage of strength ut least equal to 74 per cent. of the solid plate. 

8rd. That a shearing of every plate used in the construction of the furnaces, combustion 
chambers and tube plates, should be subjected to the tempering tests with satisfactory results. 
These tests cansist in heating the sheared strips to a dull red and cooling them out in water of 
sie ibe which they should stand bending over to an external radius of 14 times the thicknecs 
of the plate. 

4th. That it should be shown by an actual experiment that the flat plates with the proposed 
reduction of thickness, stayed in the usual manner, are as strong to resist buckling, by hydraulic 
pressure, ag ordinary wrought-iron plate. 

It may be mentioned here that after careful consideration and experiment, of which the details 
will be given hereafter, it was decided to usc steel rivets in the construction of the boiler ; and also 
a ie oni be fitted with solid-drawn steel tubes, so that the structure might be homogeneous in 

i 
The first series of tensile tests is that given in Table I.; and the results may be summarised 
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in @ few words, Seventeen samples were prepared, but three of these gave way at the attachment, 
leaving fourteen successful. The average tensile strength of these fourteen specimens is 28°7 tons 
on the aq. in., and with one exception, No. 7, they exhibit a remarkable uniformity, showing that 
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revularity of quality is now obtainable in a large specification of steel plates without practical 
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STEEL BOILER EXPERIMENTS (BOYD). 
TaBLe I.—TensitE Txsrs. 
Test Piece, Stress, i 3 i Elongation. f 
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{Centre Furnace | al cent, 
Groen 7-16 Lx: 453 0° 849 5} 16 21°0,18: 8 ral her at 12/'0h; .. | .. 
Ditto iw? Yau Ta 1gx°' 4538 0° 736 44 40° 546) 14 21°5.19°029°2 G5 | 74 lta 10 (01 (1:16 ., 
3 ne rin 7-16, 2x +468 0986 1},0°604| 17 27-518-129°3) 62 | 74 89°6 "046 16 /-031 0°46 
4| Ditto .. .. 7-16) 17 x +458 0°849 150° 559] 16 26°018'8 80°68) 61 | 65 46°5)°031, 16 0810-51 1 
5|{ Wing Combuntion} 7-16 2x4870-874 G40-S36)16" 525° 018 gear ag | 1 dealoie 8 oi canes. 
Chamber; Back/) ‘~"? | oy | | 150,28°28 
6| Ditto .. .. | 116 2x °4870°874 640°492) 16 ‘5° 018: 8 28°6) 64 | 56 50°8!°031 15 "0151 75/26°9 
7 Buck Tube-plate 11-16 14x 702 1° 22812 0°798| 17 81°515°8 25-6) 53 | 65 89°41-081 12 |-01 '8-°31/27-6 


8| Ditto .. .. 11-16 14x +687:1-28812 0-691] 20 86°515°528-8] 54 | 53 52°8/-045 9 : 0153°31/27°6 


9| Boiler Shell .. 11-16 2x *681,1-862 6}0°716| 20 88-014-627°9| 52 | 52 58-0/-031, 15 |-01 (1-96130-1 
10| Ditto .. .. .. ILL-I6 x 687 1374 Gy. | 20 S45, |. 1081 15 01] a |. 
11} Dome Neck are 1} x "6201-007 540°546) 14 28° 018 927-8] 0 | 54 512 "081, 18 /-015,1°68 
ie ; as 2x- ail em me 468) 14 25°5 16-0291] 55 | 58 a 4|-081, 11 ssa 
ig {Wine Furnace 7-16, 13x ~487,0°764, 730-409] 14 28°0.18°880°1} 65 | 58 '56°2}-0B1, 12-015 1-78)24:5 
14) Ditto... \. . | 7-161)§x 4870-846! 740-458) 14 24° 516: 528-9] 57 | 54 58-4|-081) 11 |-0152°18180 
1s] Back End .. .. | 9-16144x "5601-084 24). | 19 81: | + {016 19 |-016) .. |, 
16 Ditto .... .. | 9-16 13 -5460°955: 25 0°489| 16 30: 016 781°4| 53 | 46 68°8|-081 16 |-0310-62) 
6 0-641] 18 '38-0 ‘01 perp 


17| Front End... .. sia eda a 199 15° oat: 5} 54 | 53 i 4 dai 15 
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Elasticity is lost at an early point at an average of 16°6 tons a sq. in., equal a 58 per cent. of 
the average ultimate breaking stran. Elastic stretch also commences "early; for in specimen 
No. 9, taken from the shell plates of the boiler, it is seen that elastic stretch is perceptible at a 
strain of 15 tons, 1 to 11 tons a aq. in. of section. The strain on each sq. in. of the lon pene 
joint, when the boiler is under the hydraulic test of double the working pressure, i ee 
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. in, leaving a margin of i tons a sq. in., which is sufficiently small to point to the advisability 
not submitting a stecl boiler to a greater hydraulic test than twice the working pressure. 

In endeavouring to arrive at a fair estimate of the amount of stretch in relation to the length, 
it was thought advisable td eliminate all the short specimens as not affording reliable data. Taking 
four specimens 6} in. long, three 73 long, and two 12 in. long, nine in all, it is seen from the last 
column in Table I that the average ultimate stretch or elongation is 26°5 per cent. of the length of 
the specimens, which is a considerable amount, and will be further referred to hereafter. 

e experiments on the longitudinal joints were instituted in order to determine their strength, 
which had been calculated to bear a n of 73 41 per cent. of the solid plate, Two samples were 
prepared, Figs, 484 to 437, representing a fair average portion or strip of the longitudinal seam, 
12 in. broad x 44 in. thick, the area of which through the solid plate is equal to 8°25 aq. in. The 
rivets were 1,4, in. diam., pitched 4 in. apart from centre to centre. The holes in the joint, where 
the specim®n was sxnectod to give way, were drilled through the butt straps and plates, as would 


be done in practice; but the work of the attaching plates was put together without sufficient con- 
sideration, and the holes were punched and closed by iron rivets in the ordinary way. 





On being tested, the specimen broke at the attachment joint, in the line, Fig. 484. The break- 

ing strain was 135 tons, pe to 18°51 tons a aq. in., with little or no elongation. The area at the 

int of fracture was 7°29 sq. in ; whereas at the point where the fracture was expected to occur, 

n the line of rivets of the longitudinal seam, the area was only 6'057 sq. in., and the holes closer 
to each other. 

Specimen No. 2 was a duplicate of No. 1, so far as the joint was concerned, and broke through 
the line of rivets, as shown in Fig. 486, with a strain of 149 tons, equal to 24°59 tons a aq. in. ona 
net sectional area of 6°057 sq. in. 

These results were not considered wholly satisfactory. Two other specimens were therefore 
prepared, Nos. 8 and 4, Figs. 438 to 441. No.3 was an exact duplicate of Nos. 1 and 2 in the 
arrangement of the riveting of the longitudinal joint; but the specimens were both made of suffi- 
cient length to avoid altogether the necessity of any attaching plate. In No. 4 chain riveting was 
employed, Specimen No. 8 gave way with a total strain of 140 tons through a sectional area of 
6°057 sq. in. eg to 65:32 per cent. at 26 tons for solid plate, or to 60°66 per cent. at 28 tons. 
No. 4, though t e riveting was arranged on the chain system, had a sectional area of solid plate 
equal to 8°25 sq in. and an area through the line of rivets of 6°057 aq. in., giving a percentage of 
73°41, and thus ae in this respect exactly identical with the other three specimens arranged on 
the zigzag system, It gave way with a total strain of 174 tons, equal to 81°11 per cent, at 26 tons 
for solid plate, or to 75°32 per cent. at 28 tons. 

These rcsults confirmed the opinion that the cause of failure of the first three specimens was to 
be found in the narrow strips at the edges. 

In all three specimens the joint was considerably stretched before fracture occurred, even 
in the case of the specimen No. 1; and it would seem that these joinia if made in steel would 
stretch very considerably, and relieve the pressure in the boiler long before it might actually 
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No, | Description of Hole, | giR, | Sept | Diameter | "Sires 
ee eet in. in. | oq in, in, to 
2 = ae | Se KER | 8°98 1} 70 
8 | Drilled .. .. | Sfx4ib| 4°01 ly, 110 
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Three experiments on punched and drilled holes are given in Table II. The firet two were 
punclsed holes, and ahow @ mean breaking strain of 18:1 a sq. in.; taking 28 tons a sq. in. as 
the breaking strain of solid steel plate, this shows a loss of strength equal to 35°86 per cent. In 
the third experiment the holes were drilled, and the specimen broke at 27°4 tons per 6g. in, 
showing a loss of strength of only 2:15 per cent. 
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Size Sectional D te Breaking Breaking | Mcan Break- 
No. | Description of Holes, | op jis, pee of Holes St ess, ae Ing Le 
1 Punched a ty ri ry in, tons, bane tons 

unc ie! ao x} : 1.2; 108 2 } . 
2 oe ee | BAR] 472 1 97 20:5. |f 21s 
4 3 3 x48 | 4:72 1,5 136 | 28°81 sae 
5 [Drilled ..” 0] 8xik) 4:72 | yy 146 | 30-9 | 80-9 
{ 








Table IIT. exhibits the result of experiments to ascertain whether the process of heating, or 
annealing, the plates in the furnace had any effect; fur in practice all the shell plates were so 
treated, being put into a plate furnace and heated to a dull red heat, before bring bent in the rolls 
to the required diameter. The first two specimens lad the holes punched, and broke at 1 mean 
strain of 21°15 tons a sq. in. In the second pair the holes were also punched, but the specimens 
were afterwards acupeled in the manner described, and the mean breaking strain rove to 29°5 tons 
a aq. in., showing a result fully equal to that allowed a sq. in. for solid plato. In the fifth platy 
the holes were drilled and the breaking strain was 30-9 tons a aq. in, If then the mean breaking 
strain of these last three specimens be taken as 30-2 tons a aq. in., and the breaking strain of 
the first two specimens with panchcd holes as 21°15 tons o sq. in., a loss of 29°97 per cent. is 
shown iu this plate, all the five samples having been cut out of one plate, as bing duo to the 
operation of punching the holes. ae 

The result of the whvle of these expcriments seems to show conclusively that this matorial is 
not injured by drilling; that 1t is injured to the extent of about 83 per cent. by punching; but 
that the nature of the material is restored entucly, if the plate be heated and annoalod after 
punching, and allowed gradually to cool out. 

Experiments were made to ascertam whether the stcel rivets were likely to be rendered brittle, 
by bemg heated in the furnace, and then cooled by the application of the pressure of the hydiaulic 
riveter. 

The rivet heads from two similar rows of rivets, put in a lup joint in the usual way, bul one row 
of iron and the other of steel, were cut off by the repeated blows of a hammer on the liad of a 
blunt set held against the rivet head, in the ordinary way when tho head of a defective rivet 
has to be removed; the same hammer was used thoughout, weighing 11 Ib.; the samo two men 
struck the blows turn and turn about; and they cut an iron and a ical rivet alte:nately. ‘The stccl 
rivets were made from bars of Landore-Siemens steel, the same quality as the boilor plates; and 
the iron rivets were made of best scrap iron. The result was that the steel rivets 1 in. diametr 
stood an average of 16 blows each as against 10 for iron, or 60 per cent. highe: average, and the 
3-in. steel rivets stood an average of 6 blows as against 8-5 iron, or 71°4 por cent, higher average. 

This result decided the point that steel rivets should be employed; and they were licated 1n an 
open-leaith rivet-hcating furnace, arranged so that the flame would not burn them, winlo they 
were all heated to a uniform temperature. The riveting was done by hydraulic riveters, giving @ 
pressure of 40 tons on the rivet head. 

Buckling tests were fist made without nuts on stays. Two boxes were constructed, as in 
Figs, 442, 443, and subjected to inercasing hydiaulic pressure, One box was mado of iron, 


412 444, 445. 
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with plates § in, thick, and the sides were held together with nine screwed stays of iron, 19 in. 
diameter, 9 in. apart, with the heads riveted over in the usual way, and having 10 threads to the 
inch. ‘Lhe other box was made of steel plates +j in. thick, held together by screwed stays of steel 
13 in. diameter, 9 in. apart, with the heads riveted over in the same way as the iron ones, and 
acrewed to the same pitch. : 
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The buckling was carefully noted at the several 


are given in Table IV. as being fair 
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plates at 825 1b., and in the iron at 890 Ib. At 422 Ib. the buckling at the points A and B, was 
eight times greater in the steel che than in the iron plates, and at the same pressure was nearly 
four times greater at the points F and G. The ultimate bursting point occurred in each case at the 
centre stays, with a pressure of 550 lb. a sq. in. 
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This ay buckling of the steel plates showed the advisability of fitting the heads of the stays 
with nuts, which was adopted in the case of this boiler. 

In order to ascertain exactly the valuo of these nuts in supporting the flut surfaces, two other 
boxes were made, identical in every way with the former pair, These are shown in Tigs. 444, 445 ; 
and the results of the experiment in Table V. 

In the steel plates the buckling commenced at 260 Ib., and in the iron plates at 890 Ib. 
Permanent set tovk place in the steel plates at 390 1b. and in the iron at 585 Ib. At 585 Ib. the 
buckling of the steel plates at the points A and B was six times greatcr than in the iron plutes ; 
and at the samo pressure was six timos greater at tho points F and G. Finally, the ultimate 
bursting occuried in the case of the iron box at u pressure of 1000 Ib, a sq. in., the fracture tuking 
place in the | iron and the framework of the box generally. Some of the nuts on the stays were 
ciacked, but none of the scrowid stays broke ; nor did the shut plaics give way at any part. In tho 
case of the steel box the bursting occurred at 900 Ib. a aq. in., and as in the iron one it was the 
general framework that gave way. None of the stuys broke, nor did the flut steel plates crack at 
any point, 

ae a test of the effect of anncaling, a piece of stecl plate about 18 in. square was cut into two 
portions. One portion was heated in the plate-bending furnace to a dull red heat, and then coolod 
out suddenly in watcr; this process was repeuted fifty times. ‘The two pieces were then punched, 
bent cold and experimented on in various ways, with the result that the picce which had been 
subjected to this fifiy-fold annealing proccss had lost none of its nature, but was as ductile and 
malleable as the o hr piece of plate which had not bc en go treated, 

Stationary Boilers should be set with as little brickwork in contact with the shell as prac- 
ticable, particularly at and ncar the bottom, where any water or moisture is liable to lodge against 
the plates. All the flucs should be faced with firo bricks, and fire lumps or blocks, but not bricks, 
should be used for the senting. No mortar should be used where it can come in contact with the 
plates, but fireclay should be used instead for the whole setting of the boiler. Tho flues bhould be 
sufficiently large to admit of being properly cleaned and to enable periodical externa] examinations 
to be made with facility and satisfaction. The common practice of cramping the fluc arises out of 
the desire to improve the efficiency of the boiler by keeping the gases in contuct with the plates, 
But the slight waste of hcat that may result from the use of moderately wide flues, is far out- 
weighed by the greater security obtained from the better examination they invite. ‘These instruc- 
tions and some of those which follow are given by J. Wilson in lis cupital little treatise on 
Stcam Boilers. 

Plain cylindrical or egg-ended boilers, when made with wheel draught or split draught, are 
supported on side walls, which should not exceed 8 in. in width at the surface on which the boiler 
rests. There is, however, no advantage gained in evaporative effect by making the flues of ony 
and moderately long egg-ended boilers fur wheel diaught or split draught; but there is a decide 
disadvantage in the increased difficulty of cleaning and examining which these arrangements of flues 
involve. These boilers are best set with flash flues, the gases passing straight from the bridge 
elong the boiler bottom and sides to the chimney. This cided cae dispenses with all brick work 
seating underneath the boiler, which is somctimcs supported on cast-iron brackets, protected on 
their fronts by firebrick, but far more usually by brackets riveted to the sides and resting upon the 
masonry. Boilers of great length, 50 ft. and upwards, are often suspended from transverse cast-iron 
arches resting on the masonry at the sides and placed from 12 ft. to 16 ft. apart. The boiler is 
connected to each bearer by means of three bolts, secured to angle or J irons riveted to the shell 
crown, and secured to the casting by nuts, by which the weight of the boiler can be adjusted. 
There should also be a strut of JT iron across the inside of the boiler, under each bearcr, to resist 
the tendency of the shell to assume an oval shape, from the weight of the lower portion of the boiler 
and the water, acting against the upward direction of the force exerted by the suspension bolts. 

Bince the weight on each bcarer must vary considerably with the arching of the shell, due to 
the greater expansion or contraction of the bottom compared with thc top, !oug boilers are liable to 
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be strained and break their backs, when suspended from the end attachments only, or the bottom is 
liable, to become buckled together, when suspended only from the middle bearers. 

To obviate this, J. Head devised a plan of ding very long boilera by means of rings, 
hanging by springs or counter weights on suitable pillars; this has met with some success. 

The typical Lancashire boiler, Fig. 886, is set on side walls, and rests on firebrick seating blocks 
presenting a bearing surface 5 in. wide, Fig. 888, The side flues are 6 in. wide at the top, carried 
up to the level of the furnace crowns, or a few inches above, and down to the level of the m of 
the shell. The bottom fiue has a width equal to the radius of the boiler, and a depth of about 2 ft, 
These dimensions admit of apts room for inspection, By keeping the width of the bottom flue 
equal to the radius of the boiler, the angle that the bearing surface of the seating block makes 
with the horizon is 30° for any diameter of shell. 

The flame immediately afterdeaving the furnace-tubes passes under the bottom of the boiler, 
and returns to the chimney along the side flues. This is not the course 7 pile by Pole in his 
treatise on the Cornish Pumping Engine published in * ld on the Steam Engine’ in 1844, 
in which the setting of the Cornish boiler is spoken of as follows;—‘ The heated current first 
impinges on the top of the tube, over which the highest and therefore the hottest portion of the 
water is tying: it then passes along the side flues, where it finds the surfaces cooler than before ; 
and last of all it traverses under the bottom of the boiler, where the coldest water will always be. 
By this means the fire current, as it gradually cools, is likewise gradually brought to act upon cooler 
water, and thereby the best opportunity is afforded for the extraction of the free caloric it contains. 
» « + » The descending motion of the fire current, as it cools in the flues of the Cornish boiler, is 
upon statical principles much more natural, and more calculated to prevent the unnecessary discharge 
of heat into the chimney than the ascending principle of the ordinary boilers.” Allowing the last 
hc at, however, to travel under the bottom of the shell does not promote the circulution of the water, 
or at all events but slowly; so that in getting up steam the top of the boiler becomes hotter than the 
bottom, from which straining ensues. If, in addition to this, the feed water when cold is pumped in 
at, or near the bottom of the boilcr, the straining at the transverse seams of rivets is intensified. 
Possibly the Lancashire boilor is more oh ey to straining and seam-rending at the bottom of the 
shell than the Cornish, as there is a greater body of dead water lying there in the Lancashire boiler, 
in addition to which tho rate of combustion on each sq. ft. of firegrate, is much more rapid in the 
Lancashire district than that generally adopted in Oornwall. In consequence of seam rents 
occurring at the bottom of Lancashire boilers when the last heat is carried underneath, the plan of 
passing the flame under the bottom immediately on leaving the furnace-tubes, and also of 
ntroducing the feed water near the surface, has become the general practisc. Feed-water heaters, 
consisting of a number of water pipes placed in the main flue between tho boiler and the chimney, 
and kept free from soot by an automatic scraper, are in general use. A feed heater will 
raise the temperature of the water to about 240°. This economises the heat escaping to the 
chimney and thus reduces the coal consumption, whilo at the same time it prevents local cooling, 
It has been found by experiment that passing the finmes from the furnace tubes around the outer 
shell, instead of direct to the chimney, adds but little to the yield of steam, though it promotes 
economy of fuel; at the same time it keeps the boiler at a more equable temperature throughout. 

The flooring or hearth plates at the front of the boiler are set so as not to butt against the 
boiler, but so as to be entirely below it, as in Fig. 387, thus leaving the whole of the front end 
plate open to view. Where there is a range of boilers, these flooring plates extend throughout the 
width of the boiler house; being finished off with a fender-flange where abutting against the 
boundary walls of the building, as well as against the face of the brickwork setting. These plates 
are carried on a complete system of framing, and are arranged for easy lifting. The hearth pit 
beneath them is open from one side of the boiler house to the other, and in this is laid the main 
ook as well as the discharge pipe from the blow-out and scum. This pit is about 3 ft. wide 
by 24 ft. deep, so as to afford room for access; the flue doors open into it. The face of the 
brickwork at the front of the boilers is set back 6 in., 80 as to leave the angle-iron with its circle of 
rivets perfectly open. The front cross wall beneath the boiler is recessed around the blow-out 
aA it: that it may be free to move should settlement of the boiler take place. 

The boiler is covered with an arch of brickwork, leaving a space of about 2 in. between it and 
the plates, Fig. 888; and a layer of cork shavings, or » coating of other suitable non-conductin 
substance, is introduced into this spaco. Openings finished off with bull-nosed bricks are worke 
round the fittings, leaving the ring of rivets by which they are attached to the shell exposed to 
view. Sometimes the boiler is covered simply with a layer of composition, which should not be 
carried over the flanges of the fittings, as is too often the case, but be sto ped off by means of kerb 
ssi FL around the flanges, und a kerb cast iron nosing to guard the front angle-iron. 

ch side flue may be made with an independent damper, or one damper may be made to 
serve by uniting the side flues behind the down-take at the back. But when the boiler is very 
short compared with the length of grate and there is a strong draught, it is not always advisable to 
expose the shell bottom to a very high temperature, by taking the gases along the bottom before 
passing through the side flues, 

In setting such a boiler as is that in Figs. 888 to 385, a foundation is first formed and covered 
with one thickness of firebrick, forming the base of the bottom flue; on this are placed cast-iron 
supports for the boiler to rest upon, these being hollow and so formed as to be of the same outline as 
the flue, and go as not to interfere with ita proper cleaning. The side walls of the bottom flue are 
next commenced, and the boiler fixed on the cast-iron supports, after which the side flues are built 
up to the boiler. In all cases it is well to line the fiues with 43 in. of firebrick up to the base of 
the chimney, The bottom flue is made very large, in order that a workman may be enabled to get 
in to clean it. After the brickwork has been carried up to the height of the side flue arches, the 
remaining part of the boiler is covered with Hi Gea ashes; in many instances the ashes are made 
to cover the top of the boiler, to such a depth that only the lids of the stop valve and the safety 
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valve remain uncovered. This is so effective that the température of the top of the ashes has been 

found to be only 90°, when that of the boiler has been 270°. An advantage attending the use of 

— = ® non-conducting material, is that they admit of ready removal for the purposes of 
spection or repair. 

The Figs. ry to 450 afford a good example of the arrangement of a boiler house, and refer to 
the building erected for boilers exhibited by English firms at the Philadelphia Exhibition m 1876, 
the walls bemg of stone for a height of 5 ft, and above that of open fiamework filled in with 
glass, with a timber roof covered with tin and crowned with louvre ventilators, the side sashes 
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ingi tres; this would, of course, be replaced by a roof of the usual material in @ per 
te is prima It ww dinar a with a vault with inclined shoot, Figs 446, 448, extend- 
ing out under the railroad track, to facilitate putting in coal from drop-bottom cars Over the 
coal vault at the entrance door is a igesett level ee exterior surfuce of ground, extending into 
d protected by an iron railing on the sides. 
On Ls Moe over an area vf 36 ft. by 733 es aaa to centre lines of walls; the longitudinal 
i t night angles to the main hall. 
reat one ae is space for a distance of 24} ft, is sunk to a depth of 10 ft. below the ground 
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surface, and the remainder, where the boilers are to be placed, to a depth of 12 ft. 9 in, except at 

the rear of the building, where for a width of 9 ft. the depth is 15 ft. 10 in. The space in front 

re the boilers, including the portion for fuel, is covered with a broken stone concrete floor 6 in. in 
hickness. 
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Tho building has one chimney, Fig. 449, which has a stone foundation 15} ft. square, resting on 
two horizontal courses of timber 17 ft below the surface of the giound, the stone finish co: tinuing 
to the height of the stonework of the walls of the building, above which it 18 of brick to the level 
of the eaves. On this is ® wrought-iron chim- 
ney, 4 ft 8} in. in diameter and 56 ft. lngh, 450. 
atayed with wire guys, the total height from 
bottom of flue to top of pipe being 92 ft. The | 
@roular brick flue of the base 1s lined, 9 in. in 
thickness, with flrebrick. It is designed to con- ( 
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tain three cylindrical boilers, each 28 ft. long - rr Tornoe 
by 7 ft. in diameter, with two furnaces, cach 2g iV NF VAN PNA NT 
2 ft. 9} in, in diameter by 7 ft. 6 in. long. NY Re ! 
List of Books on Boilers,—Burgh (N, P.), | | ; | | | ‘ NS. 
‘Practical Treatise on Boilers and Boiler “w tii jj % RK &, 
, N alee PSC Wn ae 5; wit FE 5 ‘ie 


Making,’ 4to, 1878. Sexton (M. J.), ‘Pocket 
Book for Boiler Makers,’ 82mo, 1875. ‘ Reports dis 

of the Admiralty Committee on the Deterioration of Boilers,’ fol. 1876, 1877. ‘Procecdings of 
the Institution of Mechanical Engineers,’ 1870 to 1877.‘ Tiansactions of the Institution of Naval 
Architects,’ 1877. Wilson (R.), ‘Treatise on Sterm Boilers,’ crown 8vo, 1879. ‘Engineer,’ 1870 to 
1878. ‘Engineering,’ 1870 to 1878. Poillon (L.), ‘Cows theorique et pratique de Chaudieres et 
de Machines & Vapeur,’ 4to, 1877. 

BRAKE. 

The application of brake-power has become of the highest importance as affecting the working 
of railways and the safety of the travelling public, The subject bas by no means received the 
attention it not only deserves but demands, That so many lives should be risked, and 90 high a 
percentage lost on most of our railways, is mainly due to the i ik of utilizing an efficient system 
of brakes, and it is essentially necessary that these systems should find extended practical application, 
in order that their merits and demerits may be fully known. The only brake-power formerly 
employed consisted of hand scrow-brakes upon tle tender and the guards’ vans, but the retarding 
force produced is so small in proportion to the momentum of the train, that 1t is not sufficient to 
arrest the a of the tiain in time of danger. It has become necessary to provide, by the use 
of continuous brakes, the means of arresting trains in short distances. A continuous brake is one 
hy which brake blocks are applied to all, or nearly all, the wheels of the train, and it is the means 
employed for putting the requisite pressure upon the blocks, that constitute the chief distinctions 
in the various systems. 

There are two different methods of applying eaprig aa te —_ 

The simple or direct-acting method, including all brakes in which the power is treated at the 
time of putting the brakes into operation. The efficiency of this class of brakes depends entirely 
upon the good working order of the mechanism employed. 

The automatic method, including all brakes in which the power is maintained in readiness to 
be applied as wanted. 

e screw brake has been illustrated at p. 585 of this Dictionary, and consists of a shaft 
extending from one carriage to another, the revolutions of which screw up the brakes upon 
the carriages to which it is applied. The shaft is worked by mcans of hand gearing in the bruke 
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vans. It may be considered as an extension of the old hand system, by cunverting the carriages 
into so many brake varis. It is evident that, to enable the guard to exert his power effectively 
throughout a train of say 200 tons weight, a considerable amount of gearing would he required to 
multiply the power, to the extent sufficient for forcing the blocks against the wheela, This gain of 
power can be effected only at the expense of timo, the most important element in a 

The chain brake, represented at p. 685 of this Dictionary, vonsiets of a chain running 
underneath the carriages, one end of which is sécured to the end of the furthest calriage upon 
which it ix required to exert its influence, and the other to a revolving shaft on the brake van. 
This shaft carries a friction drum, which being put into motion winds up the chain, raises the 
levers on each carriage, and applies the brakes. the axle of the brake van is also a friction 
drum, and to apply the brakes the two drums are brought into contact, which causes the chain 
to be wound up on the shaft, and the brakes to be applied. This brake is capable of very quick 
application. In application it has been customary to extend the chain only to a certain number of 
carriages at each end of the train, and to place these carriages under the separate control of 
the frout and rear guards. The chain brake can be applied by the driver, and made to act 
automatically on the two different portions of the train, by means ofa cord communication. Upon 
the train accidentally separating, the cord would be put into tension, and the drums brought into 
contact; but should the division occur between any of the carriages connected by the chain, the 
brakes on that portion would not be applied. If tho chain wero extcnded the whole length of tho 
train, the brakes could not act automatically in the event of the train separating, although 
the levers would be released by the breaking of the cord, because the chain would become loose, 
and the friction pulleys would have nothing to tighten against. In tho application of this 
principle it therefore appears necessary to divide the traiu into portions, so that the whole power 
may not be lost by accidental breaking of the chain. 

Another form of chain brake is constructed on the principle of keeping the chain constantly 
under tension, and levers or springs are employed to apply tho brakes. The brakes are applied by 
relaxing the chain, and automatic action is obtained by the breaking of the chain in any part of 
its length. This method requires some means of winding up tho chain and keeping it in tension, 
and this has ben dono by means of a windimg-up apparatus in the brake vans. It would be 
difficult to apply such an apparatus on each carriage, so as to be conveniently worked when the 
brake van was not available, and at the same timo to provide for the free control of the chain from 
the vans, when the train was complete. , 

The simple vacuum brake, as described by R. D. Sanders in a valuablo paper read bofore the 
Institution of Mechanical Engiucers, 1878, Figs. 451, 452, consists of 2 continuous pipe oxtending 
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the length of the train, and connected to collapsing cylinders on each carriage. The heads of 
the collapsing cylinders are attached to the brake gearing, so that when the air is withdrawn and 
the pressure of the external air causes them to collapse, the levers are acted upon with a power 
proportionally to the areas of the cylinder heads and to the degree of vacuum. Tho end of tho 
continuous pipe on the engine is connected to an ejector, which is supplied with stcam from the 
locomotive boiler; and the end of the pipe at the rear of the train is closed. When the steam is 
turned into the ejector, the air is drawn out of the continuous pipe, and also out of the collapsing 
cylinders, and the brakes applicd with a power Abid gerhenaicns to the vacuum created within the 
collapsing cylinders. In order to release the brakes, the ejector is slut off and air admitted into 
the continuous pipe, the collapsing cylinders are relieved of the atmospheric pressure, and rendered 
inoperative. 

he efficicucy of this brake depends upon the poet of the ejector; and it can be put under 
the control of the guards as well as of the driver by a cord. This cord communication can be 
used safely only when the train is intact. In the event of an accidental separation, this would be 
a source of danger; for the steam cock would be opened by the breaking of the cord, the front 
portion of the train arrested by the partial application of the brakes, and the rear portion 
retaining its momentum would run into the fore part. _ 

As the power-producing apparatus is on the engine, in any separation of the train the brake 
cannot act automatically, without some other exhausting apparatus in the brake vans or on the 
carriages. This has been supplied by means of exhausting pumps worked from the axles, which, 
being put into gear by the breaking of the cord or otherwise, withdraw the air from the continuous 
pipe and so apply the brakes, requiring, however, each pipe-coupling between the carriages to be 
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provided with self-closing valves, otherwise the vacuum could hot be created by the 
exhausting pumps. The automatic action of this brake ree ee perfect closing of these 
valvea, and upon the efficient working of the pumps, which at 60 miles an hour would make no 
less than 440 double strokes a minute with 8 be 6 in. wheels; and it may be doubted whether 
the valves and pumps could always be kept in perfect working order, #0 aa to be wry haere npon 
with that certainty which ia requ for an efficient continuous brake. The rapidity of appli- 
cation depends upon the power of the ejector; but under most favourable circumstances, a osrtcia 
time must elapse in abstracting the air from the pipe and cylinders, The brukes are less 
effective when the speed is great than when the aes of the train has diminished. This is 
obviously the reverse of what it should be. In order that the brakes may be applied at all, it is 
necessary for the continuous pipe to be at all times air-tight. If a pipe-coupling 18 disconnected, 
the biakes can be applied with a force due i to the friction of the steam from the ejector coer 
the air passing through the length of pipe which remains unbroken, so that, if a leakage should 
tuke place in the front pert of the train, the brakes would be useless, : 

In the application of continuous brakes, the question arises whether the power should be placed 
in the hands of the driver or of the guards, or ot both; and it has to be decided whether a brake 
should be automatic in its action. e driver, from his position on the engine, is constantly on the 
look-out ahead. He therefore is the first to bo aware of any obstruction on the line, and is in the 
most favourable position for applying the brakes in time of danger. This should be done 
simultaneously with shutting off steam, so as tu save every available instant of time. If the 
application of the brakes is entrusted to the guards, much valuuble time is lost by the driver 
having to call attention by means of a cord communication or whistle. 

Much time 1 saved by the driver having full control of the retarding power, as well as of the 
motive power, instead of relying upon the guards acting in concert with him, in which there is 
necessarily much uncertainty, their attentiqn being often taken up by other duties. Circumstances 
aay alise which require immediate action on the part of the guaids, independently of the driver, 
such ag an axle breaking, a carriage leaving the ruils, or a signal from a passenger, and the 
guards should have the means of apply ing the whole of the brake-power whenever necessary; but 
ee eeuer working of the brakes should be entrusted to the driver. The conditions necessary to a 
good system of brakes are ;—Complete control throughout the truin by the diiver, control in time 
of danger by either of the guards; automatic action in the event of an accidenta) separation of 
the train ; the brakes to be their own tell-tale in the event of any derangement of the appuratus. 

These four conditions are not completely fulfilled in cither of the brukes desciibod, but are 
more nearly met by the following constructions. 

The hydraulic brake, Figs. 453 and 454, consists of a continuous pipe throughout the tiain, 
connected to a cylinder aud piston operating in each carriage upon the brake-blocks, Upon tho 
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engine is a steam pump A, which forces the water into an accumulator B. The accumulator con- 
sists of two cylinders and pistons, the area of one being double that of the other. The continuous: 

ipe and steam pump are connected to the smaller cylinder, and steam is admitted from the boiler 
fo the larger one. The duty of the pump is to force the water into the accumulator, with a 
pressure of twice that of the steam in the boiler, which is acting a the larger piston. The 
pressure may of course be increased to any amount by as hg the relative proportions of the two 
pistons in the accumulator and the two in the steam pump. The pressure is communicated to the 
ia hg pipe O, and so to the cylinders and pistons D on the carriages, by which the brakes are 
a ; 

PP this hydraulic brake can be applied or released by the driver. To make the brake act 
automatically, powerful springs § have been introduced on each carriage, which are put into com- 
pression by means of te cylinders and pistons E, connected with the accumulator B by a 
separate pipe I’, so as to be always under pressure, These springs act as accumulators; and if by 
® separation of the train the pipe F is broken, they react upon the water in their cylinders E, so 
as to force it into the brake cylinders D and apply the brakes. Self-closing valves are of course 
required for the pipe O, as in the vacuum brake. ere is no cord communication, and the brake 
is its own tell-tale. It is necessary to provide the effect of frost; and this is done by using 
@ solution of galt and water, or of water and glycerine, both of which mixtures freeze at very low 
temperatures, A small tank H containing the solution is placed on the tender, from which the 
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steam pump takes suction. This tank supply provides for the loss arising from leakage, and 
from the disconnection of the couplings between se cainiaaeat when the train is broken gh 

In the application of compressed air a great many forms of brakes havo been suggested, all of 
which consist essentially of an air-compressing pump, worked from one of the axles ° the train, or 


by steam from the locomotive boiler, a reservoir, a continuous pipe, and cylinders and pistons on the 
carriages, by which pressure is brought upon the brake blocks, when the cylinders are put into 
communication with the reservoir through the continuous pipe. As none of these forms fulfil the 
a conditions, it is uselesa to enter into a detailed description. 

In the automatic compressed-air brake, Figs. 455 to 458, a donkey pump A is kept con- 
tinually at work by steam from the locomotive, in order to maintain a constant compressed-air 





pressure of 60 to 70 Ib. on the aq. in. in the continuous pipe O and _the reservoirs B, one of which 
is placed upon each carriage. In connection with the reservoir B isa cylinder and piston D, 
by which tho brakes are applied, Between the reservoir and the cylinder is a regulator E, to 
regulate the flow of compressed air from the reservoir to the cylinder, when the brakes are 
applied, and to release the compressed air from the cylinder when the brakes are taken off, and, at 
ae game = to admit a further supply of compressed air to the reservoir for the purpose of 
recharging it. . 

The pressure is admitted to act on both sides of the elastic diaphragm or piston E, and 
seat sponte upon an arrangement of valves, which, for the sake of simplicity, is represented by a 
cock F, 


So long as the normal pressure in the continuous pipe C is maintained, equal pressures aro also 
miintained on both sides of the diaphragm K, and it is therefore inoperative, as in Fig. 457; but 
when the pressure in the pipe O is reduced for the purpose of applying the brakes, a similar 
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reduction of pressure takes place on the under side of the diaphragm, which is then forced down- 
wards by the pressure of the air confined on the upper side, Fig. 458, This motion, operating upon 
the cock F, establishes a communication between the reservoir B and the cylinder D, and the 
brakes are applied. Upon restoration of the normal pressure the dlspurnen is again put into 
equilibrium, and by its motion upwards, it operates upon the cock in such a manner as to shut off 
the connection between the reservoir and the haar and to open a passage for the free oxit of the 
compressed air in the cylinder, this air being then driven out into the atmosphere by the action of 
e spring beneath the piston, which is employed to take the brakes off, The valves, @ and H, are 
for the purpose of retaining the preasure on the upper side of the diaphragm E, and in the 
reservoir B, at the time when the pressure in the continuous pipe is reduced, for the of 
applying the brakes. In order to apply the brakes, it is only mecessary to reduce the normal 
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pressure in the continuous pipe, sufficiently for destroying the equilibrium of the diaphragm, and 
this can be done at any part of the train, by s, couk, or by the accidental separation of the 
train or of the couplings between the carriages. This application of compressed air is therefore 
automatic, and it fulfils all necessary conditions. 

The efficiency of this principle appears to depend upon the pump maintaining a constant 
pressure in the continuous pipe, and on both sides of the diaphragm; for should an reduction of 
pressure, however emall, take place from the gm working of the pump, or from in the 
pipe, the equilibrium of the diaphragm would be destroyed, and the brakes would be applied at a 
time when perhaps it waa not intended; and after they were applied, unless the pump were 
capable of restoring the normal pressure, a difficulty might arise in taking them off, except by 
releasing the air by other means from the cylinder on each carriage. It also appears that by this 
arrangement there is no means of regulating the power of the brakes. 

Compressed air has a tendency to escape in all directions and to blow the couplings apart; the 
rai working of this principle appears therefore to depend upon the perfection of the workman- 


‘Compsnsed air hag also been applied automatically, by means of a reservoir and a cylinder and 
piston on each carriage, the pressure being maintained on both sides of the piston. This arrange- 
ment is shown in Fig. 459. As the area of the under side of the piston is diminished by the rod, 
there is an excess of total pressure on the top side, which keeps the piston at the bottom of the 
cylinder, so long as the pressure is maintained on both sides of it. In the air-resevoir Bis 
retaining valve i which closes towards the continuous pipe C. The brake is applied by decreasing 
the pressure in the continuous pipe, leaving the piston free to be moved upwards, by the expansion 
of the compressed air underneath it, from the air-reservuir B. The power of the brake depends 
upon the quantity of compressed air allowed to escape fiom the continuous pipe, to reduce the 

reassure on the top side of the piston; and the power can therefore be regulated as required. This 
brake ig ita own tell-tale; and all the four conditions are fulfilled, 
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In the automatic vacuum brake, as disigned by R. D. Sanders, Figs. 460 to 467, a vacuum is 
created in tho continuous pipe C by menns of an ejector on the engine, and is subsequently main- 
tained by an exhausting pump A, worked from a reciprocating part of the engme, The function of 
this pump is not to create the necessary power, but to maintain it, by withdrawing the aw which 
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must, through leakage, find its way into the pipe, On each carriage are two drums B and D 
with flexible heada, of different areas, Figs. 466 and 467, which being connected with the con- 
tinuous Pipe and with the brake gearing, pull in opposite directions. The larger dram B is 
employed to keep the brakes out of action. and the smaller one D to apply them. In the 
connection between the smaller drum D and the continuous pipe O, is a self-closing valve E, Fig. 
460, for maintaining the vacuum ip the smaller dram when admitted into the continuous pipe. 
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When a vacuum is created in the continuous pipe, the sir is simultaneously withdrawn from 
both drums, but the pressure of the atmosphere “acting upon the head of the larger or pull-off 
dram, overbalances that 1 a the head of the smaller or pull-on drum. As they are connected 
to the opposite ends of the same lever, the arms of which are of equal length, the difference of 
power between the larger drum and the smaller, is constantly employed in keeping the brakes 
out of action. In otder to apply the brakes, it is necessary to destroy the vacuum in the perl ba 
drum, which is done by admitting air into the continuous pipe, either by means of a han valve 
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on the engine, or in the guards’ vans, Fig. 461, or by an accidental disconnection of the couplings 
between the carriages. The admission of air into the continuous pipe does not, however, destroy 
the vacuum in the smiller or pull-on drum, on account of its being sealed by the self-closing nir- 
vilve E. This valve can be opened by hand by an external lever F, Fig 460, for admitting air into 
the pull-on drum if necessary, so as to release the brakes when shunting a carnage off. Tho 
coupling of the connecting pipe between the carriages is shown in Figs. 462 and 463, 





The action of the two drums is as follows. The effective power of the larger or pull-off dru 
is 380 aq. in. x 10 1b. vacuum = 3800 Ib., whilst that of the smaller or pull-on drum is 314 aq. in. 
x 10 lb. = 3140 1b. There 1s therefore with a 10 lb vacuum an excess of power equal to 660 1b. 
in each pull off drum, acting to keep the brakes out of action. When the normal vacuum in the 
continuous pipe is reduced say 174 per cent, the two drums are in equilibrium; but this diminu- 
tion of pressure does not apply the brakes, because the larger drum is still pulling with equal 

wer against the smaller. The brakes can only be put on by still further reducing the vacuum 
n the larger drum; and iu proportion to such reduction the pull-on drum is permitted to apply 
them. Only the total destruction of the vacuum in the pull-off drum allows the other drum to 
apply the brake blocks with full effect 

By this arrangement of opposing powers, the efficiency of the brake does not depend upon the 
normal vacuum being kept up constantly to the full amount, but it may be reduced 17} per cent. 
without affecting the brakes ; and the power of the brakes can be reguluted, by the oanty of air 
admitted into the continuous pipe in any part of its length. The brake is ite own tell-tale. and its 
power is always registered in front of the driver by means of a vacuum gauge. Ags the oxternal 

ressure of the atmosphere always presses upon the outside of the pipes and Lice there is no 

ngcr of the couplings being blown apart. On the contrary, they are firmly held together by the 

external pressure upon them; and for thia reason there is in this system a tendency to reduce 
rather than aggravate imperfections of workmanship. . 

In the discussion upon Sanders’ paper, A Barclay pointed out that the maximum power 
which could be applied to any brake could not do more than skid the wheels; so that, what- 
ever pressure in the apparatus, as aoun as that result was obtaincd and the wheels stopped 
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revolving, the brake had done all {f could. In the vacuum brake, however far the vacuum was 
from being complete, it was only necessary so*to increase the area of the vacuum chamber as to 
get the desired effect. Sanders’ was automatic in this sense, that if the connection between 
the carriages were broken, the brake would be put on. Screw brakes were originally applied on 
lines having very steep inclines, Afterwards, in the case of the Metropolitan lines, it was found 
that the traffic could not pass over the lines fast enough, unless some continuous brake was 
employed for enabling the trains to pull up quickly at the stations. When the brake was 80 
employes and the truffic thus got over the line faster, the idea was started of applying the same 
brake on fast through trains, to prevent collisions, 

J. Tomlinson remarked that the Metropolitan Railway had adopted the continuous brake from a 
commercial point of view. They had previously used hand brakes at both ends of the train, and the 
result had been that the wheels had to be taken out of the carriages about oh eight or ten weeks 
to be turned up. The vacuum brake was introduced by putting a brake upon four wheels of every 
coach, or half the wheels, and the result had been that the amount cut off in the turnings 
of carriage wheels was exactly half what it had been previously, for the same number of train 
milea. Therefore he had no hesitation in saying that the continuous brake properly applied on a 
rgb oclg ® very great saving commercially, and that in other directions besides the turning 

e wheels. 

W. B. Wright said the automatic principle was very valunble, inasmuch as sometimes from 
negligence on the part of a porter a coupling might not be securely coupled up, and a driver relying 
on the brake might, perhaps, run into a terminus against the buffers at the end, or might overshoot 
& through station. He had known two cases of that kind with a continuous brake in which the 
automatic principle was not in use. In one case there was a defect in the coupling between the 
tender and the next vehiole, and in the other by the negligence of a porter the coupling had come 
undone, Both cases resulted in overshooting the station. 

O. Hawksley, referring to what had been stated about there being no possibility of doing anything 
beyond merely skidding the wheels, said it had been pointed out to him some years ago by W. Bouch 
of Shildon, that brakes were the most effective when the wheels were not completely skidded, but 
allowed to revolve at a very slow rate. That had reference more especially to working on anincline, 
where for 5 miles of line there was a erica of about 1 in 50. Bouch had explained it in this way. 
that, when the wheels were completely skidded, they became very much heated at one point, and 
rubbed flat and bright, and then there was not so much adhesion to the rail as when they were 
allowed to revolve very slowly. This could not, of course, apply to cases where the train had been 
pulled up very rapidly, and where there might not be time for the same heating action to take place 
as when running down a long incline, as when a heavy mineral train was running down the incline 
mentioned of 5 miles in length. 

G. Westinghouse, jun., said he had found in various experiments that every time the leverage 
or the pressure was increased, and a greater force brought against the wheels, better results were 
obtained. In some cases an air pressure of 100 or 101 Ib. on the sq. in. had been used. On the North 
British Railway 101 lb. pressure was sufficient to cause the piston to move through the whole dia- 
tance of 12 in., and to bring a maximum pressure on the brake piston itself of about 80 Ib. on the a4. 
in., or 4000 lb. total pressure moving through a distance of 1 ft. In that case there was one bloc 
only against each wheel ; but experience had shown that, todo the very best braking, double blocks 
on each wheel were required, and that a force should be brought against the wheels equal to at least 
24 times the weight of the wheel on the rail, In many of the competitive experiments it had been 
1} and 1} times. But the most important point was the storing of the power under the carriage. 
The Westinghouse automatic system had been first introduced upon 150 railways, but the railway 
authorities complained of the diffloulty arising from copings coming apart, and from the train some- 
times overrunning the station through inability to apply the brake, and that, as the brake was not 
a tell tale, it was liable to produce accidents or become useless. Attention was then given to the 
storing of power under each carriage. One plan was similar to Fig. 459, known as Steele’s brake. 
ry elena with apparatus substantially the same as the Steele brake, had shown considerable 
difficulty in applying the brake. For storing power in that case, there was about 800 cub in. of 
8 a carriage, filled with air at about 60 1b. or 80 lb. pressure on the sq. in., or say 4000 cub. in. 
of air at abpoepbene pe @ carriage. This pressure had to be entirely taken off before the 
brakes were fully applied, and the 4000 cub. in. of air a carriage, with a train of ten carriages, 
pessing through a small pipe, took a considerable time to escape. It was n to bring the 
apt of the reservoir into action by means of a very small movement of air; and this resulted 
n the use of what was called the triple valve. This valve had three motions, It governed the 
flow of air from the brake pipe to a small reservoir under each carriage, from this reservoir to 
the brake cylinder, and from the bruke cylinder to the atmosphere. In charging the reservoirs 
under the carriages, the air was conveyed through the brake pipe, and stored at a pressure amount- 
ing in express trains to from 80 to 90 Ib.,and sometimes more. The brake was applied by making 
a slight reduction of pressure in the pipe alone, say 15 lb. reduction. The triple valves were then 
opened, so as to make communications From the reservoirs to the brake cylinders; and the air in 
the reservoirs acting on the pistona, applied the brakes. Thirty cub. in. of compressed air removed 
from the brake pipe for each carriage was enough to cause the brakes to be fully applied, or say 
800 oub. in. on a train of ten seers. Se Smith’s vacuum brake was operated by withdrawing the 
air; and about the same quantity of air had to be removed in order to apply that brake, as was 
allowed to flow-in in order to apply Sanders’ brake. What had been gained therefore in the 
Weatinghouse automatic brake, was altogether owing to its quickness of application. The brake 
could be brought into full play within 1$ second. With regard to the automatic action, the action 
of the brake could be easily graduated. The pressure in the pipe of 70 lb. on the aq. in. was not all 
soi paps dla paras If that were reduced by 15 Ib., the brake was put full on; if it were 

uced by 8 or 4 lb. only, i$ let an equivalent proportion of air from the reservoir into the cylinder. 
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The Committee of the Franklin Institute, to whom was referred for examination the Westing- 
house air-brake, have made a report upon this system. In its original and simplest form this 
brake consisted of a emall steam engine placed on the locomotive, which, taking steam from the 
boiler, operated an air-pump, which compressed air into a main reservoir. By a line of pi 
beneath the carriages, the compressed air was admitted at the pleasure of the engineer, 9 
controlled its flow, by a raph & cock, to a series of brako cylinders, one under each carri 
the pistons of which acted upon the ordinary brake levers, and applied the brakes to the eines. 
By reversing the three-way cock, the air was allowed to escape from the cylinders, and the brakes 
were off. As it required an appreciable length of time, especially in long trains, for the air, even 
under considerable pressure, to travel from the main reservoir to the brake cylinders, Westing- 
house devised means by which the compressed air can be admitted ulmost dnstantaneously into the 
brake cylinders. The brakes can be applied from any part of the train. The brakes will be 
at once applied automatically in each car, should an axle break, or a carriage or the engine leave 
the track, or should the train be broken. An auxiliary reservoir for compressed air is placed on 
each car, close to the air-cylinder. These auxiliary reservoirs are connected with the main 
reservoir by a pipe, without coupling valves, so that the same fluid pressure will bo preserved in 
them as in the main reservoir, But the compressed air, before entering the auxiliary reservoirs, 
passes in each case through a valve-box containing a triple valve, and from which valve-box, one 
port leads to the auxiliary reservoir, one to the brake cylinder, and a third to the open air. This 
triple valve is of such cunstruction with reference to the ports that, so long as the air pressure is 
kept up in the air-pipe, the auxiliary reservoirs will be kept charged at the same pressure, and at 
the same time the gate intermediate between the brake cylinder and the external air, will be open ; 
then, of course, the brukes will be off. and the train will be in running order. But on the 
pressure in the air-pipe being reduced, the ports between the air-charging pipe and each auxiliary 
reservoir will be automutically closed, as also the ports between the brake cylinders and the 
external air; and at the same time, the ports will be opened between each auxiliary reservoir and 
its corresponding brake cylinder. By restoring the air pressure in the charging pipe, and 
connection with the main reservoir, the posilion of the triple valve is shifted, so as to close com- 
munication between the auxiliary reservoirs and brake cylinders, and open communication from 
tho latter to the external atmosphere. This operation is as quick in action as the other, and the 
brakes being released the train is again in running order. 
The valve-box or case B, Fig. 468, is made in two or more parts. The air-charging pipe from 
the main reservoir is attached to the port V, which leads into the air-chamber G. From 
the opposite chamber U, the port W leads by u suitable pipe connection tu the auxiliary reservoir 
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and a like pipe leads from the port H to the brake cylinder. The valve stcm g has a limited 
motion longitudinally in the chambers G U. At one end it carries the valvo a, which seats on 
the annular V-shaped seat x by packing on its lower face, eo as when seated, to close the port y. 
A series of wings arranged on this end of the stem g, act as guides in properly seating the valve a. 
A spring z, arranged on the other end of the stem g, bearing against the cap of the valve case 
and against the back face of the valve seat 5, holds the valve a to its seat when not raised by air 
pressure. The air-chambers G U are separated by a flexible diaphragm n, of sheet metal, the 
outer edge of which is compressed between the adjacent faces of the two parts of the valve-box, 
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with elastic g tings of indiarubber. From these annular packing surfaces, the parts of the 
case are so shaped inwardly as to give two annular flanges D, the distance between which gradually 
increases towards their inner edges, but the slope of each is such, that so much of the diuphragm n 
as comes between them, shall rest on one or the other at the end of each stroke of the stem g. The 
sloping surfaces of these flanges D constitute seats or rests to support the diaphragm after it has 
done its work, and prevent its baba 

The diaph 2 has an eye at the centre through which passes the stem g, and the annular 
edge of this eye is clamped between two rings, which form Daa of the compound piston c. The 
compound piston ¢ is free to move on the stem g longitudinally, and its face is provided with 
packing, so as to make «@ tight joint when seated against the annular ring of the valve seat d. 
Commencing at re ago short distance fiom the upper valve svat 6, the stem g is turned smaller, 
and is also slotted, This reduction in the size of the stem ¢ gives an annular air-port ¢, by which 
communication is secured between the two chambers, @ U. The compound piston c, has an 
extension d, around the stem g, by means of which, in moving each way on the stem g, it alter- 
nutely covers and uncovers the port 6, and thereby closes and opens communication between the 
two chambers G U. The annular port ¢ communicates with the valve chamber U by means of 
porta Across the slot in the stem g, a cross-bar s is arranged, with its ends fixed in position in 
the adjaccnt walls of thenutc, From this slotted pait a pin ¢ extends through the stem y, till it butts 
against the stem v of the third valve. 

The extension of the valve-box or case contains this valve w, which seats aguinst a valve- 
seat, so as to close an annular port uv. By this port and the passages «, communication is effected 
through tho valve w being unseated, between the brake cylinder by the pot H, and the extcrnal 
ntmosphere by the k, for the purpose of allowing the compressed air to escape from the brake 
thee er when the brakes are to be released. The valve w is seated and unseated by the action of 
the spring /, and the pin ¢ acting on the stem v, as presently to be explained. To provide for an 

uilibrium of air pressure on both sides of the valve w, holes r are bored through it and its stem. 
The operation is as follows;—If air under pressure is admitted by the port V, it will by the 
pressure it exerts on the flexible diaphragm n, cause the piston c to be shifted on the stem g, until 
it occupies about the position shown. The cross-bar s will then have opened the valve w, and the 
valve a will be closed by means of the spring z; also the annular port ¢ will be opened. In 
such case, the air will pass from the chamber G, along the ports e f into the chamber U, and out 
of the port W to the auniliary reservoir. The auxiliary reservoir will then be charged with 
compresad air, of such density as it may be desired to sture up for the purpose of operating the 
brakes, At the same time, the valve w is unseatcd, and a direct communication opened from the 
brake cylinder, through the port H, and tho ports 4, with the exteinal atmosphere. The brakes 
are then off. As soon as the pressure on the opposite side of the diaphragm 2, is equal or nearly 
so, the spring / in the lower part of the caso, acting against the valve w and thiough the stem 
v, pin t, and cross-bar s, will cause the piston c to slide upward on the stem g, and cut off com- 
munication through the annular passage c, and will seat the valve w so as to cut off the escape 
of air from the brake cylinder through the escape ports 4. Then, if the pressure excited in the 
chamber G on the diaphragm n bo roduced, by allowing a portion of the air to escape from the 
charging pipe, the pressure acting back through the port W on the opposite side of the diaphragm 
n, will raise the piston c against the valve seat b, compress the spring z, and by moving the stem g 
in the same direction, will lift the valve « from its scat x, and open communication from the 
chamber U, through the port y, with the port H. ‘The compressed air will thin be free to pays 
from the auxiliary reservoir, through the ports W, y, and H, to the brake cylinder, so as to apply 
the brakes. The area of the opening through the port y, is regulated by the distance which the 
plug o is caused to move outwardly from the port. Hence, if the pressure be reduced but slightly 
at v, the plug o will be raised but a short distance, and a small amount of air will be allowed 
to pass through and out at the port H. When the equilibrium is restored in the chambers 
G U, tho valve a will resume its seut and close communicution. If tho pressure in the chamber 
G be materially increased, the valve w will be unseated, as alrealy described, and an open 
communication be made from the brake cylinder thiough the port H and 4, to the external 
atmosphere, By the uso of the taper plug o, and by regulating, us can easily be done by cocks, 
the amount of pressure in the chambers G U, it is ar’ tu regulate the amuunt or density of the aur , 
which is permitted to flow through the ports y into the brake cylinder, and consequently easy to 
regulate and adjust, at all times, the force with which the brakes are applied. This force may 
be varied from the maximum power of the brakes, down to the fractional part of a pound in excess 
of ordinary atmospheric pressure. 

When a car is detach d from a train, the chargin pipe should be closed at each end before the 
car is detached, to prevent the brakes being applied by tho reduction of the pressure. In this case, 
if, as wil] sometimes happen, the air leaks slightly from the charging pipe, the valve a will be 
raised slightly from its seat, and the air will pass slowly from the reservoir by the port W, 
through the port y, and by the port H to the brake cylindcr, and set the brakes. To prevent this, 
a relief valve is arranged on the pipe from H. This valve consists of a cylindrical box R, haviug 
a cap § with a amull port p bored, and faced with rubber paching p. In the chamber of the case 
R is a valve T working loosely, and having on its upper end « seat of suitable form, so that when 
forced up by the ordinary pressure in working the brakes, it will seat aguinst the packing and 
offectually close the port p. But when the pressure is only such as oe result from leakage, such 

ressure Will pass out through the lower port, and tilting the valve T off its lowcr seat, will pass 
y it without seating it upward. The amount of pressure which may in this manner be allowed to 
escape without the application of the brakes, may be varied at pleasure by varying the size and 
weight of the valve T. sary «ot 
‘or greater convenience and facility in opening and closing the valve case B, a fastening has 
been devised. One part of the case fits on to the other part like a cap, and is held in place by eye- 
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bolts m, which fit into a recess, or between ee These eye-bolts arc held in place at one end by 
pins, which pass through the eye ends of the bolts and through lugs on the one part of the case. 
These bolts are threaded at the opposite ends, and secured go as to hold the two parts of the valve 
cuse together by screw-nute. The threaded ends of the bolts project a short distance beyond the 
outer faces of the nuts, when the latter are screwed down tight, and such projecting ends are 
riveted or u sect slightly, 50 that while leaving room for the nuts to be unscrewed, sufficiently for 
the bolts to swing outwardly from the recesses in the cap B, turning for that purpose like hinges 
the pin , they cannot be screwed off entirely so as to be lost, but will always be in place 
ur use. 

Kach auxiliary reservoir has about four times the capacity of the corresponding brake cylinder. 
The chaging pipe, which is of three-quarter meh gas pipe, extonds from the main :osorvoir under 
the whole train, and 1s provided with a three-way cock on the engine, by which the entire 
apparatus fur ordinary braking purposes is placed under tho control of the engineer. This pipe 
is, between the cara, provided with flexible sections, on the outer side of which aro couplings, 
countirparts of each othir. Those couplings have no valves for retuining the compressed air 
when uncoupled, but a cock is inserted m the pipe, at the ends of cach car, for closing the pipo ut 
the rear end of the train, and also at each end of a car, when such car is detached from a train. 

The advantage of an instantancous ap; lication of the brnkes at the will of the enginecr is 
obvious. In the system before in use, the pressure has to be transmitted back through the train. 
In the improvement described, the requisite prissuie 1s kept up throughout the train, ready to be 
put into operation. In the former case, 1200 cub in. of compressed air at 35 1b. prossure on the 
square inch for each cur, or 2800 cub, in. at atmospheric pressure, have to bo transmitted back fiom 
car to car to apply the brakes cflectually. In tho latter case, a reduction of 15 lb. in the pressure 
of the air in the pipe, equivalent to the pressure of one atmosphere, is all that is necessary to ( ffect 
the same result. This reduction of pressure is equivalent to tho transnuttu of 3860 cub. in, of 
air for each car at atmospheric pressure, The saving of time in applying the brakes will then be, 
appioximately, wm the proportion of the quantity of air transmitte 1, or as 2800 is to 3860, 

Thais relative proportion 1s affected only by the fisetion of the sur in passing through the pipes, 
and this clement is compatatively inappreciable as affectng the icsult. By onanging tho 
auxiliary reservoir and the brake cylinder of each car mm close proximity with each other, the timo 
required for the air to pass will be so small as to be unimportant. Irom the constiuction of the 
apparatus, its durability iy Jumted only by the number of times that the valves will bear the 
operation in the ee and rclease of the brakes. All the material being of metal, will not be 
apprecinbly affected by ave. 

To test the number of operations that would be required to destroy the apparatus or any break- 
alle part, this trple-valve device was arianged in connection with a charging pipe and brake 
cylinders, 18 in a train, while a three-way cock on the pipe was operated by machinery, ox m 
ordinary use for braking purpoyes. After the reservoirs were charged with compressed wir at 
odinary working pressure, the machinery which opened and closed the thrve-way cock was set in 
motion, and the triple-valve began its wok. After 309,000 stiokes in opening and closing the 
ports, which was equivalent to applying 
and releasing the brakes that number of 
times, it was still found in perfect work- a 
ing order, 50 far as could be ascei tained : 
frum its operation. Upon examiution a ' 
it was found that the diaphragm 1, 
showed signs of cracking at a point 
between the rubber packing rings. The 
other parts of the triple-valve made 
460,000 strokes without any indication 
of failure. These experiments have been 
continued at great length, and in no case 
has the triple-valve failed to peiform its 
work promptly and effictively. In these 
tests, the piston of the brake cylinder 
received a full and complete stroke, »0 
that the shock, and, of course, the strain 
on the triple-valve, 1s more sevcre than 
in ordinary train use. 

An improve ment in the Westinghouse 
system is for the driving wheels uf loco- 
mnotives, Fig. 469. B are the oidinury 
driving wheels, and C indicates portions 
of the framework of the locomotive. The 
brakes proper d, are recessed on their 
rear faces and are pivoted to the hangers, 
below and a little forward of their centres of giavity, 80 as naturally and by their own weight to 
swing clear of the wheels. To these brake-shoes aie pivoted the eccentric-facod segment levers e, in 
such position that their curved faces work against cach other, or against a block placed between them. 
At any desired points in the direction of the length of their curved faces, byob near the lower 
euds, the connecting rods c are pivoted, which at their upper ends nre jointed to the lower end of 
the piston stem. The segment levers ¢ are somewhat eccentric, their working fans at the lower 
ends being somewhat further from their centres of motion than at their upper ends. 

This apparatus, together with the brake cylinder 5, is duplicated on the opposite side of the 
lueomotive. The compressed air is admitted by a pipe from the main reservoir, with on senna 
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three-way cook beneath the piston in the brake cylinders 2, and by the upward thrust imparted to 
the piston-stem c, shifts the segmiont levers ¢, 80 as, acting on the principle of the toggle Joint, to 
apply the brakes effectually to the wheela. By this construction, in fact, the ordinary advantages 
of the toggle joint are secured along with @ nearly uniform application of the power at all points of 
the stroke, until the brake-shoes are worn entirely away. Where the distance between the drivers 
B is too amall to admit of the introduction and use of both the segment levers ¢, one only can be 
used, pivoted to one of the brake blocks, and with its eccentric face working agsinst a friction 
roller pivoted to the other bruke block, 

Figs. 470 and 471 are of Aspinall’s automatic vacuum brake. Fig. 470 is of the arrangement 
when only a single pipe running throughout the train is employed. Under each carriage in the 
train is p cylinder, having buth ends closed to the atmosphere. In cach cylinder, a piston 4, 
Fig. 470, sis attached by a 
flexible diaphragm to the sides 
of the cylinder 4 To this pis- 
ton is connected a rod /, work- 
ing in a collapsible leather 
tube m, fixed to the lower end 
of the cylinder k. This rod 
communicates with the bruko 
levers. The top and laiger 
compartment of the cylinder 4, 
above the piston 4, communi- 
cates with the pipe a running 
thioughout the train, by a 
brunch pipe @, in which is a 
valve t This valve allows 
air to be drawn out of, but 
not returned to, the upper 
compaitment of the cylinder 4; 
anothe branch pipe c commu- 
nicates with the bottom of the 
cylinde: and the train-pipe a. 
A vacuum of about 20 in, is, by 
means of a small cjector, main- 
taincd throughout the train- 
pipe, aud above and below the 
pistons under cach vehicle. ‘To apply tho brakes, either the driver or guard can admit air to the 
train-pipe, when it immediately flows below all the pistons, but cannot flow above them, as it closes 
the valve ¢ inthe branch pipe d, Tho piston is forced up by atmospheric pressure, and the biukes 
aro applied. In oider to take off tle biuke, the driver recreates a vacuum im the train-pipe, and 
consequi ntly in the lower part of the cylinder, the piston falls by gravity, and releases the biake. 
A vacuun? gauge upon the engine, a in ench of the guard’s vans, shows at all times what brake 
rowel js at the command of those m charge of the tiain. In cach of the guaid’s vans is a valve, 

‘ig 471, by which ar can be admitt:d to the tiam-pipe. This valve is construct: d so that it opens 
nutomuatically whenever the brake is applied from any cause, and thus secures the adnassion of air 
to soveral poe of the train-pipe simultancously. ‘his valve is formed with two heads w and 7, 
connected by a spimdile, The lower head, which is the lager in dianxter, seats on the top of the 
train-pipo. The smaller head is attached by a leather diaphragm to the bottom of a chamber z, 
Which communic ites with the pipe c, by means of # very smull hole y through the spindle. The 
titmosphoro is freo to enter above the head u, and below the head 2, by the large openings oo. A 
lever is attached to the spindle so that the valve may be moved by hand. So long as the vacuum 
Is maintamed im the pipe ¢, and through the hole y, in the chumber z, the valve u, by reason of its 

wssessing the larger hcad, is held firmly in its seat, but when the vacuum is partinlly destroy ed 

in the train-pipo c, the atmosphere forces up the part 2 ard lifts the head w off its scat, thus 
admitting air into ¢ and applying the brakes. The air then gradually flows through the small 
hole y into the chambcr z, and the valye once more descends to its seat. Means are provided for 
opening the valves leading to the tups of the cylindcrs, so that the brakes may be taken off at 
terminal stat.ons. A valve on the engine enables the driver to admit air to the train-pipe, at the 
sume time that he shuts off the ejector from exhausting. 

Au electric brake, invented by Achard, has been under publie notico in France for many years, 
it is only now developed into anything like a practical form, and has met with some approval at 
the hands of Fiench railway companies. 

Fig. 472 represents the brake as applied to a locomotive and atendcr. Normally, the cylindrical 
olectro-magnet ought to be concentric with the axle and move with it. The armature forms the 
sides of a sleeve also mounted on the axle, but loose, so that it does not revolve with the wheels. 
A chain forming the tranamission to the biake is rolled on the surface of the sleeve, and produces a 
braking effect, proportional to the advance of the train. This arrangement, as first introduced, 
rcquired modification on account of the spced given to the parts mounted direct on the axle. The 

rinciple has becn preserved by employing a shaft parallel to the axle, geared by the friction of a 

iso kept in place by a spring. The velocity 1s thus reduced, and the durution of the various parts 
increased. In the brake represented the following parte are combined, the axle driving by friction 
the disc mounted on the adjacent shaft; a spring keepivg the disc in contact with the axle; an 
electio-magnet mounted on the shaft parallol to the axle, and caused to revolve; two sleeves lonse 
on the shaft lel to the axle; these sl eves are terminated by two discos in soft iron, forming 
armatures, and of a diameter equal to thit of the electro-magnet; the chain which actuates the 
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brake, by rolling around the sleeves when these latter become connected to the action of the current, 
This chain passes over a pulley attached to the frame, and thence over another pulley at the end 
of a lever attached to the brake. 

Two insulated electric cables are placed beneath the carriages, running right and left along the 
train, with connecting links between the carriages, Under each vehicle two secondary wires 
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branch from the principal cables, one to the right and the other to the left. Thus two branches, 
suitably insulated, conduct the current from tho circular electro-magnet, the principal part of the 
system. In the front an rear van is placed an accumulating Plante'’s battery, composed of four 
secondary elements of 4 in. dinmeter. These batteries remain constantly charged, and are 
sufficiently powerful to promptly stop a train composed of fourteen vehicles, including the engine 
and tender. In the front van above the battery is placed a commutator. <A horizontal fiame 
sliding in the roof of the vehicle allows the guard, by a lateral movement, to throw the springs of 
the commutator into metallic connection, and this is the only movement required to put on or off 
the brakes. The brake can be put in operation by the driver, a cord being attuched to ench end of 
the frame and led to the footplate, so that by pulling one or other of these cords the biake is 
thrown on or off; the train is, therefore, under the control of the driver, and of the front and rear 
guaris. 

After a variety of experiments with difforent clectro-magnets, Achard found that form designed 
by Nicklés to be the best. In this magnet thcre are two tubes of soft iron, ono placed conc ntrically 
within the other, the interval being filled with wires covered with silk, and through which the 
current passes, If an iron armature is applied to connect the two cylindrical tubes, a second pole is 
found on the outer periphery, and the fleld of magnotic attraction is largely increased. The 
employment of tubes insures a maximum of power, with a minimum of mass. Achard’s magnets 
support about 1760 lb., with the current from a Leclanché battery of three or four clements, 

General Principles —Captam Douglas Galton has found from an extcnded series of dynamo- 
metrical measurements, that the application of brakes to the wheels, when rkidding is not produced, 
does not appear to retaid the rapidity of 1otation of the wheels © When the rotation of the wheels 
falls below thut due to the speed at which the train is moving, skidding appears to follow inmedi- 
ately. The resistance which results from the application of brakes without skidding, is greater than 
that cauged by skidded wheels. Just at the moment of skidding, the retarding force mercases fo an 
amount much beyond that which prevailed before the skidding touk place; but immediately after 
the complete skidding has taken place, the retarding force falls aguin to much below what it 
was before the skidding. The pressure required to skid the wheels is much higher than that 
required to hold them skidded; and appears to bear a relation to the weight on the whcels them- 
sclves, as well as to their adhesion and velocity. 

It would seem that the gieat increase in the frictional resistance of the blocks on the whec Is, just 
before and at the moment of skidding, due to increase in the frictional resistance of the blocks on 
the wheels, this increase being itself due to the increase in the co-efficient of friction, when the 
relative motion of the blocks and the wheels becomes small, is what destroys the rotating 
momentum of the wheels so quickly. With constant pressurcs, the friction between the blucks 
and the wheels, and consequently the retarding force, increases as the velocity decreases, In 
order to obtain the maximum retarding power on the train, the wheels ought never to skid ; but 
the pressure of the brake blocks on the wheels ought just to stop short of the skidding point, In 
order that this may be the case, the pressure between the blocks and the wheels ought to be very 
great when the brukes are first applied, and ought gradually to diminish until the train comes to 


rest. 

BRICK-MAKING MACHINES. 

The improvements devised in the construction of brick-making machines are very numerous. 
The various forms of construction of these machines may be included in the following classificution, 
to which each machine is easily referable. 

In one description of machine the clay is fed into a pug-mill, placed horizontally, which works 
and mixes it. It is then forced through a die of about 60 square in., of a form similar to a 
biick on edge, The corners of the die have to be rounded, as clay will pass smoothly only 
through rounded apertures. The clay, as it progresses from the mill, is seized by two vertical 
and two horizontal rollers, which roll it into a squared block of the exact size of the brick, with 
sharp edges, the rollers performing the function of a shifting die. The slab of clay thus formed 
is cut up into bricks by transversely-drawn knives or wires. A somewhat similar machine is 
described in this Dictionary, pages 650, 651. 

In another description of machine, the clay passes from the pug-mill into moulds, where it is 
ee and whence the pressed brick is expe There are severul varieties of this description ; 

us, the moulds are sometimes placed upon the upper surface of a mould-wheel revolving horizon- 
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tally, and conveying the moulds successively benoath a pug-mill, from which they are charged. In 
other machines the moulds are placed on the periphery of @ wheel, the clay, when in the mould, 
being pressed by exterior or interior pistons, and the preescd bricks discharged by piston-followers 
or the piston iteelf, actuated generally by cams or toggles. 

In double-cylinder biick machines, two wheels are provided with peripheral moulds, charged 
with clay from a hopper above. 

In continuous or belt machines, a series of moulds are linked together and passed beneath the 
charging-mill, whence they pass beneath a pressure-piston, 

Besides the foregoing vaiieties of construction, the clay in some machines is moulded by 
reciprocating pistons, or a reciprocating action is 1mpaited to the moulds bi neath the pug-mill. 

n anotlier class of machines, the clay in a nearly dry state is compressed by a plunger into 
rs oe and expelled after sufficient pressure has been exerted to cause adhesion between the 
particles. 

Biicks are also made of powdered dry clay, with sand and loam, moulded under hydraulic 

ressure, 
7 The following machinos described are typical of these classes, those types having been selected 
that have beon introduced since the publication of the Dictionary, or omitted from its pages ; 
and the types omitted in this Supplement will be found under the head of Brick Machines, at 
page 642 of the Dictionary. 

Liddell's double brick-making mac! ine, Figs. 478, 474, deals with the first part of the manufacture 
of bricks. It is driven from the main shaft, upon which is a bevel pinion gearing with a bevel wheel, 
fixed to the lower end of the vertical shaft. The lower end of the vertical shaft is supported ina step 
or socket, whilst the upper end is carried in bearings formed in the beam, which benm also serves 
to bind together the side frames standing upon the upper part of the pug-mill. Any required 
number of tho ordinary pug-mill screw-blades are fixed upon the shaft, so that when the shaft is 
caused to revolve in the pug-mill the screw- 
blades mix or stir, and at the same time force 
the clay out of the pug-mill into the brick 
moulds formed in the slides. The pressing 
blocks, situated on cach side of the machine, 
are actuatcd from a cam at the upper end of 
the shaft. Guides are ourricd on tho frames, 
and in the guides slide-beds are formed, slides 
being plaecd therein, Upon the slides anti- 
friction rollois are acted upon by the cam, 
which, when revolving, causes the slides to 
riso and fall in the guides, and the pressing 
blocks being connected to the slides by the 
rola, they are raisod und Jowercd, When the 
eluy has been forced by the pressing blocks 
into the moulds in the slides, the slides are 
moved so as to bring another mould below 
the pressing blocks. Thosc blocks are again 
lowered upon tho clay, at tle sume time the 
brick last made is being forecd out of the 
mould by one of the presscrs, actuated from a 
cam ste tig le the shaft. Weights are at- 
tavhed to the presscrs, and to the woights rods 
are flaed, their lower ond sliding vertically in 
guides at right ey to the rods, the inner 
ends of th¢ rods being provided with anti- 
friction rolfers which bear upon the cam, so 
that by adjusting the cam on the shaft the 
prossers may be made to fall at the proper int: r- 
vals for rexnoving the bricks from the moulds. 

Amonyat the advantages elaimed for this 
machine ig that it has only four bevel wheels, 
while other machines of a similar construction 
have no |: 3s than ten bevel wheels, The con- 
necting rdds from cranks to slides are so fitted 
with safety springs, that should a stone or piece 
of iron get in to the slides, the springs allow 
the conneqgting rods to pass, and thus prevent 
injury. ‘(he machine will turn out from 
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required to drive it is one of 14-in. cylinder 
with a 80-in. stroke. 

The moat systematic way of working with this or similar machines is to have the clay con- 
veyed in bogies drawn by chain or wire rope on a railway to the top of the pug-mill, where the clay 
is mixed with water into a plastic state. 

Fig. 475 is a longitudinal elevation, partly in section, of Durand and Marais’ machine; Fig. 476, a 
plan of the end from which the bricks are delivered; and Fig. 477, a vertical section of a modified 
construction of the mould with movable bottom. The machine is mounted on a cast-iron framing a. 
The framing has four plummer blocks bboc, carrying two parallel transverse shafts @ f, of which 
the one f carries the fast and loose driving pulleys g, a fly-wheel, and a pinion A, which is in gear 
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with a large wheel H, on the shaft d, which also carries several cams, The principal cam #, Fig. 476, 
which actuates the compressing piston j, is fixed inthe middle of the shaft @; it effects successively, 
firat the progressive compression of the material to be agglomerated in the mould; second, a final 
compression of short Quration ; and, third, the expulsion of the finished brick. Its contour is shown 
at u, Fig. 475. This cain acts on the piston j by means of two rollers 4 k, mounted loosely on axes 
carried in bearings formed at each end of the hol ow cage J, which forms an extension of the piston. 
This is guided by pieces in the cheeks of the framing. The two outer cams 7 n, also fixed on the 
shaft d, operate on levers D, pivoted to the framing, 
and bolted rigidly to s vertical plate E, which serves 
to close the exit orifice of the mould A during 
pressure, and uncovers the mould when the piston 
advances for expelling the brick on to the bars 0 0. 
These bars are fixed in an inclined position. The 
rigid holding of the plate E during the pressure is 
secured by means of two supports p p, cast on the 
framing. 

In order to prevent the bricks, when expelled 
from the mould, from adhering to the face of the 
piston, a smail stirrup frame g is provided at the end of the machine, on to which the brick passes 
as it issues from the mould. This stirrup-frume is guided on either side by the framing a, and is 
connected to the plate E by means of two rods or guides 7, passing through a projection s fixed to 
the door. These guides havo screw nuts on their upper ends, so that when the door E has been 
raised by the action of the cains nn, operating on the lever D, and the brick has been entirely 
extruded, then by causing the door to rise u little higher, effected by small projections on the 
cams, the projection s in pushing against the nuts causes the stirrup-frame q, and with it the brick, 
to be pee raised. The brick, being thus made to slide against the face of the piston, becomes 
detached. As the levers D descend with the door the stirrup frame also descends, and brings the 
brick again to the level of the inclined bars o. 
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Small Bacape regia are provided in the sides and bottom of the mould, aleo in the piston 
iteelf, to allow of the escape of any excess of earth at the time of compression, and Wie at resistance. 
These escape apertures may be dispensed with by employing another arrangement, Fig. 477, in which 
a portion of the bottom’tf the mould, at least equal to the width of the brick, is hinged to the end of 
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a weighted lever e. By increasing the weight, or by altering its distance from the fulcrum, the 
pressure resisted by tlie movable bottom, and consequently the degree of compression of the 
material, may be regulated. Should this pressure be exceeded the movable bottom will descend, 
and prevent fracture of the machine. The machine can be arranged either single or double acting. 
In the latter case the piston, #, is extended backwards, and arranged to work in a similar mould. 

Stubbs’ br:ck-pressing machine, Figs. 478, 479, as manufactured by W. G. Bagnall, conaists of 
@ revolving table, which contains six double dies ABOD EF, the table being fixed on a vertical 
shaft, running in gun-metal bearings at top and bottom, and supported by cust-iron anti-friotion 
rollers on brackets bolted to the foundation plate. 

The power is transmitted to the shaft, and afterwards throuzh a pair of elliptic wheels HI to 
the shaft J, and off the shaft J through a pair of mitre wheels K L to the shaft M, on which is 
fixed a double-flanged spur pinion N, gearing into a ring cast on periphery of the table O. The 
pinion N is geared into the spur ring on the table in the proportion of 6 to 1, consequently, for 
every revolution of the elliptic wheels one die is brought under pressure when the motion is 
retarded; this also allows time for filling and taking off. The clay is discharged out of the 
pug mill, through a mouthpiece of suitable size, on to the wire-culting tablo, and is there cut 
into blocks by an attendant, who places tliemin die A. As the table revolves the dio is carried round, 
until the anti-friction roller on the bed comes into contact with curved bar Q, which ia secured to 
the bracket R, by which the cover is shut on top of the die. Tho die then passes under the bracket P. 
Each die is provided with a sliding bottom, supported on the bidplate by lugs fitted with anti- 
friction rollers, While the cover is running under the brackct P, the bottom is gradually rising up 
the incline 8, which gives considerable pressure, and biings the brick to the shape requred. In 
the lids there are small holes to allow the air and surplus clay to pass off. This pressure is again 
relicved before leaving the bracket, when by tho gearing of the elliptic wheels, the motion of the 
table is accelerated. Immediately the die passes fiom under the bracket P, the Lall on end of the 
lever is caught by the curved bar T. The hinged lid is thrown open, the bill being used to 
counterpoise. The rollers connected to bottom of the die then run up the iucline u, which throws 
the bricks above the level of the die, so that they can readily bo removid by hand at die BH. 
The bracket P is packed at the back with indiarubber, which will give way when any unnecessary 
strain is brought to bear on the press. ‘This table will press 18,000 bricks a day, and is adapted 
for clay containing sand and other impurities. With superior clay, pressed bricks can be turncd 
out in a semi diy condition. 

Semi-dry Brick-making Machine.—The importance of utilizing shale accompanying coul and othor 
minerals has long been recognizod. Tho usual and wi ll-known process of biick making from plustic 
clay has been found unsuitable for the utilization of shale, or rock flre-cluys. ‘These are not 
sottened by weathering, no: reduced to a sufficiently fine condition by ordinary pre paring machinery 
to be expressed through dies. H. Clayton, Son, & Howlett have constructed a set of muchinog 
for making bricks from coal shale, bind, fire-clay, and other non-plastic mateiials. The apparatus 
consists of a powerful mill having a perforated bottom, and a prcsas, both being worked by power. 
Fig. 480 1s an elevation of the plant, Fig. 481, a plan of the grinding and sifting mill, l'igs, 482, 483, 
side and frunt clevations of the brick-moulding and picasing machine. 
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The engine for driving the entire machinery is of 10 horse-power. In Fig. 480, A is the 
mill. B a set of elevators, and C the press or br.ck machine. The rotating pan runner mill is 
8 ft. in diameter, and is driven by bevel gearing overhead. The runners are of cast iron, each 
weighing about two tons. The pan is fitted with a cast-iron ring, forming the path of the runners, 
and the outer part of the bottom of the pan is furnished with a series of perforated segments, for 
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atfiing the material after it has becn pulverized. .The ground clay passes through the perforated 
plates and falls into a catcher, out of which it is swept by arms fixed to the bottom of the pans into 
a general receiver. The runners revolve against the motion of the pan on a horizontal shaft, 
caiticd in vertical guides at each end, and hollowed at the centro for the vertical driving shaft of 
the pan to pass through. The elevators consist of a band furnished with buckets, which carry the 
ground material from the receiver, and deliver it into 

the hopper of the moulding and pressing machine. 431. 

The framework of the pressing machine, Figs. 
482, 488, consists of two vertical standards bolted 
to a cast-iron foundation plute, and connected at the 
top -by a stretcher plate. A hollow casing or box 
ia bolted between the side standards, and is fitted 
with loose linings or moulds, The lower pressing 

istons are attached to a cross-bar, aianged to slide 
in vertical guides in the main standards, with fric- 
tion rollers on the lower ends. The main shaft is 
driven by compound gearing, and revolves in bear- 
ings in the main framing. Upon this shaft are fixed 
two pressing cams, which work in contact with the 
rollers on the lower pressing pistons, There are 
two cranks on the main sliaft, one at each end, with 
connecting rods for giving motion to the crosshead 
above. This crosshead slides in guides in the 
framing, and to it are attached the upper pistons. 
Those pistons ure hollow, and are heated by stcam 
to prevent the material adhering to them. They 
aro fixed upon blocks held firmly in the crosshead "e mh 
and have only a verticul motion. The upper parts ih i> \ i 
of the blocks are made smaller, and have screw eS Poy 
threads cut upon them. Volute springs are coiled “SS poh EA 
round the screws, and plites are pluced upon the top ee 
of the springs, which can be screwed down to any ; — 
desired degree of compression, thus regulating the 
amount of pressure to which the bricks ure to be 
subjected. There are bolts passing through tho crosshead, and also through the plates, by 
screwing up or unscrewing which the piston can be made to descend a greater or less distance into 
the moulds, thus forming thinner or thicker bricks as required. Regulating wedges are placed under 
the lower crogs-bar, and are adjusted by small hand wheels. ‘The cross-bar when in its lowest 
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position rests upon these wedges, so that when the wedges are drawn higher upon their seat, the 
pistons on the cross-bar do not descend to the full extent. Thus the depth of the moulds, and 
consequently the quantity of materiel admitted into them, may be regulated according to the 
nature of the material and size of brick required. 

The p material is fed into the two moulds by a self-acting arrangement. A measure or 
feed-box slides to and fro under the sedis hopper of the machine, and thus passes alternately 
under it and over the moulde, conveying each time sufficient material for filling the moulds. The 
feed-box is actuated by friction rollers attached to the crosshead, and in their motion with it they 
traverse a slotted chase, formed in each one of a pair of swinging arms, connected one on each side 
of the feed-box, The chase is of such a shape as to ensure the requisite intermittent and alternate 
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motion of the fied-box. The moulls are made portable, and fit into the hollow mould casing, 
so that they may be easily taken out and moulds of other sizes or shapes introduced in their places. 
Correspondingly, the top an | bottom rl can also be remove | with facility, Thus by the same 
machine a large variety of shapes and sizes of bricks may be produced. 

In this apparatus the pressure is given stniuliansously at the top and bottom of tho brick, and 
the whole of the pressing action is derived from cams and cranks all fixed or formed upon one 
main shaft. The whole of the pressing strain is sustnined between the lower cam shaft and the 
top pistone, and is virtnally taken by the side arms, which are made of sufficient strongth to resist 
the strains brought upon them. The frame is thus entirely relieved from all strain. The bricks 
when presse are delivered from the moulds by the lower pistons, which are forced upwards by 
the complete revolution of the cams, and the newly-mado bricks are moved forward by the 
approach of the feed-box with a fresh charge of the matoiial. ‘The lower pistons then fall, and the 
moulds are refilled ready for the next pressure. For conveying the bricks from the machino an 
endless travelling band is employed. 

Brick-shaping Machines,—\.loyd’s brick-shaping machine, Fig. 484, is for brick surfacing and 
moulding by means of emery wheels. The machine consists of a horizontul cast-iron base plate, 
carrying the vertical frame provided with a screw, by means 
of which the headstock carrying the spindle of the emery 
wheel can be raised and lowered at will. The headstock can 
he udjusted so as to set the spindle at various angles to under- 
eut the mouldings, and to cut arch-bricks. To hold the brick 
during the process of shaping, a slide is made of wood, with a 
shallow box, in which the brick is fixed by means of a wooden 
wedge. As for various purposes bricks have to be held in 
different positions, and for arch-bricks at different angles, it 
is better not to have any permanent metal arrangement for 
holding the bricks, but to prepnre these wooden slides when- 
ever wanted. <A piece of wood across the end of the slide 
serves an a rest for the hands of the labourer working the & 
machine, and a guard over the emery whol avoids all danger 
from the wheel breaking, The emery whecis are from & in, 
to 12 in. diameter, and of cour-e of any shape for moulding or 
surfacing They are run at about 1800 revolutions a minute, 
and one labourer passes about 1500 bricks through tho 
machine daily. Ifa brick requires both surfucing and moulding, about 500 will be finished ina day. 
The emery wheels can be faced by friction with a picce of gus-pipe, ranning the wheel very slowly. 

Slay Bricks. —The Cleveland Slag Company have paid considerable attention to the manufacture 
of bricks from slag, amongst numerous attempts to utilize this waste material, and the most im- 
portant item of their production is slig bricks for building purposes. These bricks are mado fiom 
the slag sand, produced by a special maclune at the blast furnaces, The sand is mixed with 
sclenitic lime with addition of oxide of iron, and 18 presse in a machine to be prcsently described. 
At the commencement of operations it was found that there was no machine made in Mnyland that 
coull work the material, in the stafe in which it is produecd at the furnaces, without previous 
preparation; and this preparation to suit the brick press so inereased tle cuxt of the bricks aa to 
exclude them from the market. It was therefore necessary to design a spocial press to work the 
sand, just as it comes from the slag-sand machines, dircetly into bricks. In designing this machine, 
the following peints had to be kept in view ;--great depth of moulds, because the slag sand 1s very 
spongy aud compressible; an arrangement by which the water could eseape from the moulds 
without blowing the bricks to p eces; great pressuie, in order to consolidate the sand in the moulds ; 
prevention of over-pressure ; regularity in proportions of lime, and in fillmg the moulds. 

In the buck press, Figs, 485, 486, designed to mec these requirements, the pressure is given by 
two cast-ste 1 cams, fixed upon a forged stcel shaft, 7} in, diameter. This shaft, resting on bearings 
between two strong A frames, is put in motion by very powerful double geared spur-wheels, the first 
motion-shaft carrying a heavy fly-wheel. The pressure cams B act against rollers fixed upon two steel 
rams X. These cams transmit the pressure to the moulds in the table C. The table is cireular and 
contains six pair of moulds, so that four bricks are pressed at one time, the table remaining 
stationary during the operation. At the same time as the bricks are undergoing pressure, two other 
pairs of moulds are bemg filled with matcrial; and the remaining two pairs are dclivering up the 
four bricks pressed at tle previous revolution of the cam shaft. The bricks are pushed out of the 
mould by smaller pistons D, actcd upon by the separate cams FE. The moulds are lind with 
changeable steel plates .%, in. thick, and the sand and lime is fed into them by two pug-mills N. 
‘These pug-mills are fitted with six knives each. The table is shifted round by a kind of ratchet 
motion, also worked by a cam on the outside of the framework F, and acting upon the weigh bar 
and levers J. Immediately above the pressure cylinders arc two pressure stops (+, which are held 
down by the heavy weighted levers H. These levers H therefore recvive the whole pressure put 
upon the bricks, and in case there should be too much send in the moulds, these Jevers rise and 
relieve the strain. The weights I can be weighted as required, and thus exactly gauge the 

ressuse upon the bricks. In ordinary work the moulds are filled so as to nearly lift the levers. 

he filling is casily regulated by the set of knives upon the pug-shafts, which press the material 
into the mould C. One side of the pug-mill cylinder is removable, so that the knives are always 
accessible. The pug-mills are filled by means of the measuring and mixing apparatus, placed on 
the floor immediately above the brick press. The mixing and measuring apparatus is simple and 
efficient. The slag-sand is tipped into a hopper from large barrows, lifted by a hoist. At the 
bottom of this hopper is a revolving cylinder K, with ribs cast upon it, which, as it revolves, carries 
with it a certain thickness of sand, the thickness having been previously regulated to the require- 
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ments of the press, The slag then fulls upon a sieve L, which separates any large pieces of slag in 
a solid state, and at the same time allows the falling sand to pass eirone? the sieve. The lime is 
fed into a separate hopper, and its supply 1s regulated vi. ry much hike the feed of corn into mill- 
stones. The lime then passes down a shoot, which furms pait of the slag-sand sieve, where 1t meets 
the shower of sand, fullmg together with 1t and gutting thoroughly mixcd. 
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The bricks, when taken from the brick piess, are placed upon spring barrows, holding fifty 
each, They arc then stacked in sheds, whcre they are allowed to remain about five or six days, 
after which they are simply stacked outside in the weather to harden. The percentage of loss 
: pee oe not amounting to 2 or 3 per cent. Each machine is capable of tu:mng out 10,000 

ricks in a day. 

The followme are a few of the advantages of these concrete slag-sand biicks. Being pressed, 
they are pericotly uniform in size and thickness; they are much cheaper than ordinary red bricks, 
compaied in woght with wiich they are 1 ton a thousand lighter; there are no wasters nor 
halves; nails can be driven into these bricks without splitting them, saving plugging 1 tle wulls 
for skirting and doorwork. 

Brwis,—A brick is a quantity of clay, mixed with sand, pressed 1n a mould, dried in the sun, 
and nearly always haked by fire Bricks may, however, be divided into those dried in the sun, 
and those baked or hardened by fire Sun-diied bricks have no extensive use except in equatorial 
countries, and to impart to them sufficient durability, it is unecessary to cover them with an 
impermenble compound of lime and clay. Burnt bricks may be divided into refractory or fire- 
clay bricks and ordinary bncks. Refractory or mfusible bncks are made from clays cuntaming 
reall a oxi 3 rigoee ot emploree in honed of furnaces fe apparatus 

witha ig peratures rdinary bricks are rectangular paral! peda, vary- 
ing in dimensions according to locality and purpose of manufacture. 
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The following are some varieties of ordinary bricks. Air-bricks pierced with holes to allow of 
the of air. Arch-bricks, partially vitrified bricks from the arches of the clamp or kiln in 
which the bricks are burnt. Cupping bricka, shaped for the upper course of a wall, Clinke 
bricks tuken from the areh of a clamp und of glussy structure. Compass bricks are itaaninabaien 
for arches. Coping-bricks, shaped or selected bricks for coping courses. Feathor-cdged bricks, 
with bevelled edge for vaults and arches. This term is also applied to bricks of prismatic 
shape, for building on the skew. Stocks, grizels, and the like are local terms applicd to varivus 
qualities of bricks. 

The average specific gravity of well-made bricks is 1:841; a cubic foot weighs 115 Ib. and 
absorbs .}, of its weight of water. The force required to crush an ordinary brick is about 500 to 
550 1b, a square inch. 

Bricks should be made with clays of the best quality, properly blended. They should be sharpl 
and perfectly moulded, without breakage or cracks, well-balved, ut not burnt; they should be hand, 
compact, tenacious, and of fine grain. Their further characteristics and uses in coustruction will be 
found described under the heads “ Construction,” “ Bond,” and “ Brick Machinery,” in this Dictionary, 

Brick-earth or common clay should be neither too rich (fat) nor too poor, thut is, neither 
too clayey nor too sandy. The richer clays, which contain too much alumina, are plastic, 
and subject to deformation during drying and baking. ‘I'he remedy for th.s is the addition of 
silica or sandy matter which imparts greater closeness. Too poor clays, or clays too highly 
charged with silica, dry easily, but make porous and absorbent bricks, triuble and of low strength. 
These bricks never acquire satisfactory durability by baking The remedy is the admixture of a 
proper quantity of fat clay, such as Kimmeridge clay. Brick-earth should contain no smull stones 
that can interfere with the homogeneity of the workel clay. nor substances susceptible of docom- 

sition during burning, such as iron pyrites, flints, or limestone. The finest earths do not always 
urnish the best products, but the clay in any case should not contain fusible substances, because 
the bricks would then vitmfy during bakmg. The best method of determining the qualities of 
a clay is by trial upon a small scale. ‘To this end some liicks are prepared which are allowed to dry 
slowly, and then submitted te burning in a lime-kiln. 

Ordinary brick carths have for cluef constituents alumina and silica, in combination with limo, 
magnesia, or iron. But chemical analysis does not assist the brickmaker in determining the value 
of an earth for his purpore, because it doves not account for the mechanical conditions of the 
constituents, for instance whether the silica exists as sand or as a combined silicate. In whatever 
state the constituents may be, their chemical effect during firmg or burning is similar. 

Alumina imparts to clay its plistic propoities, but a brick contaiming too much alumina warps 
or cracks in drying, and becomes very had during burning. 

Silica, in the presence of ulumina only, is intusible at ordinary temperatures, but the presence 
of a stuall quantity of oxide of iron, which acts as a flux, renders the alumina and silica fusible at a 
low temperature. Sand prevents cracking, shrinkage, or warping and providcs the silica necessary 
for partial vitrificution ; the larger the proportion of sand, the more homogeneous the stiucture of 
the biick. But excess of sand causes br.tilc ness. 

Lime lessens the contraction of the bricks in drying, and acts as a flux upon the silica during 
burning. Excess of lime rendeis the brick too fusible. Lime, when present, must be in impalpable 
powder, because during burning, the lime, if occuring as limestone, decomposes, and the carbonic 
acid given off splits the brick, or the quick-lime formed al o splits the brick when wetted. Bricks 
containing lime should be wi ll-soaked before use. 

Oxide of iron, besides rendeting silica and alumina fusible as desertb d, affects the colour of the 
brichs, producirg tints varying from light yellow to dcep ied. When there is 8 per cout. or moro 
of oxide of iron, and when the brick is submitted to fierce firing, the red oxide 1s converted into 
black oxide, which fuses with the silica, imparting a dark blue or purple colour. Lime with iron 
in small quantities produces a cream-coloured brick; mercase of iron produces a red, and of limo 
a brown colour. In red-biicks oxide of iron is presesent in large labestat ia but not fused. In 
the presence of iron, magnesia imparts a yellow colour to the brick; and manganese darkens the 
coluur that iron imparts to a | lue brick. 

Iron pyrites isa very prejudicial, though common, constituent of clay; itis partially decomposed 
during burning, then oxidizes in the brick, producing so-culled flowcry bri ks, and causing splitting. 

Common salt, sodium chloride, acts us a powerful flux, and only the commonest bricks known 
as place bricks, can be made from clay containing much sult. The hygroscopic uature of sult 
always causes the brick to be strongly absorbent of moisture. 

Chalk is added to some clays to produce white bri ks. 

Brick eartis may be thus divided ;— 

Plastic, fut, or strong clays, composed chiefly of silica and alumina, with small proportion of 
lime and other constituents, excepting iron. 

Loame or mild clays, sandy clays. 

Marla, calcareous, or chalky clays. : 

Malm, an imitation of natural marl, is compounded of clay and chalk, the uporation being 
geverally performed in a wash-mill. ; 

Good brick-carth should contain sutticient flux to bring its constituents into fusion at furnace 
heat. A greater quantity of flux will cause the bricks to become vitritied or glazed. The best 
earths contain 20 to 30 per cent. of alumiua, and 50 to 60 per cent. of silica. The bricks made 
fiom such earths are a silicate of alumina with silicate of lime or other flux, and depend for 
quality on the selcction and mixing of the clay. - 

Pure or fat clays are sometimes used without any addition, and the sand contained is then 
usually sufficient to prevent too much contrastion. ‘These clays during baking do not become 
sutticiently fused to thoroughly agglomerate the mass, and therefore do not so well withstand weather- 
ing as a partly vitrified brick, Clays of this character are consequently improved by the addition 
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of silica in the furm of sand, with lime to act as a finx. Instead of lime, ashes are used to yield 
alkalies as a flux. Marls are best suited for brickmaking direct from the clay without admixture. 
Good ae bricks should be free from cracks, flaws, stones, or lumps of any kind, regular 
in shapo and uniform in size. The edges, or arises, as the edges are termed, should be square and 
sharp. Hollow surfaced bricks are to be avoided ; the surface should be flat and not too smooth. 
Badly burnt bricks absorb s larger quantity of water, and scon become retten. Average bricks 
absorb praerens about 16 por cent. of their weights of water ; only highly vitrified bricks absorb as 
little as ,} of their weight as is generally stated in text books. Thoroughly hard burnt bricks have 
a metallic sound whi n struck together; a dull sound is gencrally indicative of soft or cracked bricks. 
Clamp, or kiln-burnt, and machine-made bricks are easily to be distinguished. Traces of 
breeze are to be found in clamp-burnt bricks. Kiln-burnt bricks have sometimes coloured stripes 
upon the sides, caused by the arrangement of the bricks in the ki'n. Muchine-made bricks are to 
be distinguished, either by the marks of the eutting wires, by the peculiar form of the mould, or by 
having a fiog, or hollow, on both sides. ; 
Ordinary London bricks are about 89 in. long, 4} wide, and 2} thick. The weight of a brick 
is about 7 1b. Theso dimensions ore very slightly departed from, but in Scotland and tho north of 
England bricks are larger and heavicr. To obtain good bondmg in brickwork, the length of cach 
brick must exceed twice 1ty breadth by the thickucxs of a mortar joint. 
The following tables give the size and weight of the most used varieties of bricks in England, 
and the resistance of these varietics to compression ; the authorities aie chiefly Latham and Giant. 


TABLE oF Sizes AND WEIGHTS OF VARIOUS KINDS OF ENGLIsH Bricks. 





Description. | Dimensions, | Weight | Weight a 1000, 












































| inches, Ibs cwts 
London stock ee ae 8°75 x 4°25 x 2°75 6°81 | 60°75 
Rod kiln : 8°75 x 4°25 x 2°75 70 63 
Fareham reds | 85 xk 4°15 x 26 6°38 56 2 
» _ rubbers ., | 10-9 x 4:8 x 2-9 8:8 78 5 
Lancashire red brick .. 3] x £5 x 3 8°9 | 80 
Leeds pressed buck .. 95 «x 4°55 «K 85 10 89 
Sandytauld Scoteh brick 9S x 45 kK 85 | OUT 86 6 
Glasgow bricks ee ee ee 9 x 4:3 x 34 8°6 | 77 
Burhum wire cut re $6 x 4:0 x 2°6 | 5S'4 58°2 
»  prosacd .. 8°75 x 4°20 K 27 6-1 )} 845 
Suffolk brimstone | 9 x 46 x 2°6 6°8 | 60°7 
» White ie ont. 8 92 x43 x 26 | 63 | Bi? 
¢ er ‘ o¢ 
Staffordshire paving ..0 .. 6. ow. \ : . res ; 2 | ie a 
% cdge-paving .. 00... | 9 x 3 x 35 7°8 | 70 
Tipton blue... 2.00... ue 9 x 45 x 8 10 w 89 
Adnnnntisio clinker ..0 6. 4. ow | 6 x 2:5 x 1:75 2 | 18 
Dutch +6 6:25 x 3 x 15 1:55 | 1 
ReswsTANce oF Bricks TO CoMPRFssion. 
are fy Avie, «| Average | Wola 
’ ( e1gn equu 
Dererlption. Dimensions. ea sity which Bi ick | aquired to es a is 
Crushing. Cracked Crush Brick {| Crush Buick, 
inc hea, sq in | tons tons tons 
Unburnt brick 8:9 x4°4 x29 38°8 1'0 9°0 0 23 
Common red | 90 x4:3 x80 | 387 |! 9:5 57°0 0°96 
Machine ,, | 983 x44 x38 | 40°9 | 28-0 33.0 0-79 
Common stock .. .. .. | 89 x40 x25 362 10°0 | 128-0 3°56 
Sittingbourne stock .... | 8°8 x4°18x2°5 86°3 | 5°7 83°9 0:93 
Farehum rds ‘ ; 8°5 «x 4°25x2°6 86-1 8-4 26°1 0°72 
» _ Tubbors.. | 10°2 x4°8 «2:9 49°6 | 1°4 15:7 0°32 
Tipton blue... ; S75x4 3 x25 | 877 21°3 95-2 0°39 
Eabury best... ' 8°8 x4°25x 2°75 37°7 21-0 28:5 0:76 
» seconds ., | 88 x4°25x2°75 | 87-7 | 21:0 | 390 0°77 
» thirds  . ; 85 x41 x2°6 35°1 | 11°3 29-0 0°83 
Suffolk brimstono 9°0 x 4°56 x 2°7 41°3 5-1 81:0 0°77 
» best whites 1 972 x4°56%2°6 41°9 5:1 1v 6 0°47 
Gault .. 0... 4. 8°75 Kx 4°25 x 2°75 | 37°2 12:7 35°1 0:94 
» «0Wire-oub ow... 8:6 x4:0 x2°6 84°5 6°4 32°9 0°95 
‘“ » White... .. 9°0 x4:3 ~%2°7 89°1 11:0 53°0 1°35 
Prossod gault .. ..«. 8°9 x4°3 x2°7 38°2 8:0 46 5 1°23 
” ” aa 8°75 x4 19 %2°7 86°6 | 74 86°8 1°00 
Staffordshire dressed blue .. 9:0 x4°5 x 2°97 40°38 15°35 114-0 2°80 
a pressed ,, 8:9 x4°5 x29 8O°-8 , 215 73°0 1°86 
Ss common , . , 9 4 x44 x8°0.4 411 13:0 39-0 0:95 
» bastard. 4. | 92 x46 xB-2 | 41-2 | 97-0 | 415 1-01 
Brown plazod brick .. 0... | 9°0 x4°4 x3°4 | 89°5 16:0 + 28:0 0°58 
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Oe the descriptions of bricks already detailed, there are the following varieties and sub- 
varieties ;— 

Splits, or split-bricks, are reduced in thickness to the dimensions of 9 in. by 4$ in. by 1 in, 14 or 
2in. Soaps are about 9 in., by 2} in. wide, by 2} thick, and sumetimes pierced for ventilating. 

Cutters, or rubbers, are bricks intended to be shaped by cutting or abrasion to some required 
pattern. These bricks are made soft, generally of washed carth, freed from luups, and of uniform 
composition. These bricks are not allowed to vitiify im the hiln, and in inferior qualities the 
firing is too carly diseonti ued, so that the bricks have no cohesion, and are quickly destroyed by 
rain und frust. In all cases where the work is oe haan to the influence of the weather, purpose- 
made, or specially formed bricks, should be employe, because the vitritied surface prevents 
pcnetration of moisture, 

In Kentish brick-fields, bricks are generally divided into three classes; malms, washed, and 
common, the difference being determined by the mode of prepiring the carth. For common bricks 
ee eaith is not washed. All are moulded and burned in the same manner, and are sorted after 

urning. 

Shippers arc bricks deformed in burning, chiefly used to ballast vessels, in oder to export 
bricks at small cost. 

Stocks, bricks hard burnt, but inferior to shippers, chiefly used for ordinary work. Hard stocks 
are overburnt, having defects in form and coluur, but otherwise sound, chiefly employed in the 
body of thick walls, 

Grizels, or giizzles, are underburnt, have little cohcrent strongth, and from the stones contained 
are very liuble to fracture, These bricks are used for very inferior or tempotury work, and when 
used for permanent structures are always counted with cement. 

Chutfs are useless bricks npou which rain has fallen, while the bricks were hot. 

Buirs are lumps of vitrified brick earth, us may be seen in artificial rockwork or grottous, 
obtained from the fusing of the bneks neurest the tle in the hiln or clamp. 

Bats are halt or broken bricks, 

White bricks are best made fiom refractmy clay and a fino white or yollow sand; this clay 
burns white, and the sand vitrifies at a high temperature. Kvery clay containing not more than 
G per cent. of iron, when mixed with chalk, will yield a white brick, but cate must bo tuken that 
the clay is strong cnongh to allow of sufficient admiatme of chalk. While bricks are best burnt in 
close kilus to prevent deposits of soot; they must be allowed to cool gradually, or they crack. 
White bricks being made from clays of high speesfie gravity are generally perforated or conatructed 
hollow. Itremovable green sta ns ocsur on underburnt white bricks, whieh can be romedied by 
painting the brick with a wash of the same biuck clay, made with a solution of bhae copperun, 
allowing this wash to r-main on the brick until dry, then rubbing off with a hard brush. 

Gaults are white bricks mado fiom a blush tenacious cliy occurring between the Upper and 
Lower Greensand formations, This clay contains sufficient chalk to impait a white colour to the 
brick as well as to uct as a flux. Wiese bricks are of superior durability and hardness, but are very 
Leavy, and for the latter reason are gencrally perforated or constructed with a deep frog, Suflolk 
Whites are also made from the Ganlt clay, and are good rubbers, as they contam a considerable 
proportion of sand, These bricks harden by time, this hardening being probably duc to the silicic 
acid of the clay combining with the lime gradually to form silicate of lime. 

Exbury, or Beauheu, bricks, are made trom the white clay oecurring on the banks and 
bottom of the Bcaulicu river, near Southumpton. These are white bricks and are largely used 
for facing. 

Staftor dshire bricks are, as tl.eir name implies, made fiom the Staffordshire clays. These clays 
und mails contain 7 to 10 per cent. of oxide of iron, consequently the bricks aro blue-black in 
colour, ‘hese bricks are impervious to water, resist great pressure, and are very durable. ‘They 
are imitated by washing over interior bricks with @ solution of iron. 

Dust bricks are ale with coul dust instead of sand, and are vitreous and durable, 

Fureham reds are from a plastic clay vceunning in the deep beds around Fareham, are vory 
superior biicks, but should not have the surface removed by rubbing. These bricks were exten- 
sively employed for the facings of St. Thomas’ Hospital, London. 

Nutiinghian dry clay bricks are made by the dry clay process, and generally burnt in Hoffman’s 
kilns. Part of St. Pancras Station, London, 18 constructed with these bricks. 

Dutch clinkers are small, thoroughly vitrified brichs, chiefly used for pavings. 

Salted bricks huve a glaze produccd upon their suifuce by thiowing salt upon the fires during 
burning. 

Gonsidls biicks are simply blocks of concrete, details of which will be found described under 
the head of Conerete. ‘he tollowing 1emarks upon the preparation of brick-earths, whether for 
moukding by machine or hand, will complete the information on this branch. 

When the clay is very hard, marly in character, containing lumps of race or limestone, it is 
ground between iron rollers. 

Malm is dug in the autumn. It is at once conveyed, with due proportion of ground chalk, to 
the washmill. ‘The chulk averages about 6 per cent. of the clay. This mixture is reduced to a 
thick crvam, and is then run off intu backs or shallow tanks, where it remains until nearly solidified, 
It is at this stuge soiled, or covered with about 4 of its depth with screencd cinders, and sllowed to 
remuin for weathering throughout the winter; after this the bucks are dug out, und the clay and 
ashes pugged together. ‘This method of preparing malm is known as washing. 

The quantity of clay required fur 1000 ordinary bricks varies from 14 to 3} cubic yards, as 
measured before digging, the stronger clays requiring to be in the greater quantitics. 

Hand Moulding.—The dimensions of the moulds are such as to allow tor the contraction of tho 
clay in burning, the linear measuremcnts being from 8 to 10 per cent. more than in the finish d 
brick. The superfluous clay is removed fiom the mould by a piece of wood or steel, termed a 
strike. In slop-moulding the brick is frequently dipped into water, to prevent adhesion of the clay. 
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Sand is aleo used for a 1 eg ; the process is then termed sand-moulding, and there is produced 
@ cleaner and sharper : 

As each brick paaed from the hands of the moulder, it is either carried by a boy, still in the 
mould, to the drying shed, the moulds being returned, or it 1s deposited upon a pallet- which 
is removed upon @ hack-burrow, mounted on springs and ruunng upon smooth wrought-irun 
wheeling plutes, so as not to shake the brick. : 

To secure the mould upon the stock-board, whilst in the moulder’s hands, this board has a 
projection, which forms the holluw in the brick, termed the frog or kick. ‘Tiiis hollow serves as a 
mortice into which the mortar can key. Bricks are laid with the frog uppermost. Whure-cut bricks 
are without this hollow. 

In drying, the bricks are placed upon hacks, long parallel banks raised about 6 in. from the 
round, and built of dry brick rubbish and ashes They should not be more than eight courses in 
epth, or the lower may be crushed. When the bricks ure semi-dried they are scintled, or placed 

diagonally at small distances apart to allow of the passage of air. In tlis staze the lower course 
will admit of twelve or thirteon courses being pluced upon it without crushing. Raw bricks genc- 
rally require about ten days to dry bofore they can be scintled, when they remain for another 
month. 

Pipe-making Machines.—The characteristics of the machines for the manufacture of drain-pipes, 
and other pipés mado of buint eaith, are very similar to those of biickmaking machincs, The 
ues of pipes includes several operations; the preparatio: of the carth, moulding, diying, 
and burning. 

Preparation of the earth.—All kinds of argillaceous earth, from ordinary brick-carth to plastic 
clay, can be employed in tho manntucture of drainage pottery, under conditions of convenient 
preparation, It is especinlly impoitant that the moulded clay should be homogeneous, highly 
tenacious, and should not contain stones nor any foreign substance hkely to interfere with its 
pissage through the machine. This is attainable by hand operations with great difficulty and 
expense, and is best effected with the aid of machinery. A field having been selected as accessible 
as possible, the vegetable earth or surface soil 18 removed for about 16 in, and the clay removed. 
This operation is usually portormed m autumn, and the clay is allowed to weather during the 
winter, Manufactwio commences in the spring. ‘The clay is passed between rollirs which are 
about | in. apart, It is then thrown into a pug-mill, and woiked into a conditiun suitable for 
moulding. 

Diying.—After moulding, presently to be described, the pipes are drie | under cove red sheds, in 
racks, When the pipes aie half dricd, they aie rolled, if nucessary, to maintain their cylindiical 
form. 

pune —The burning usually takes place in kilns, which will be found to be desciibed under 
the proper heading in this Dictionary, page 2178, and in subsequi nt pages. 

Moulding.—Muchines for tho manufacture of dramage tubes have their o:igin in the old 
system of presses employed, in soveial countries, for the manufacture of white-ware tubes used for 
wator-conduits, Those presses con-ist of a vertical cast-iron cylindcr in which 1s put the prepared 
clay. A piston, actuated by a screw, strongly compresscs this clay paste, aud forces 1t out through 
an annular orifice, to form the pipe. In nearly all the systems designed for the manufacture of 
drainage pipes the press 13 preserved, but the number of orifices have been increased, with 


consideiable effect upon the production. 
Finally the whole system was rendered 
portable, of courso with great practival 
advantage. These machin s may be 
clasyed as continuous and interm ttent 
machines, 

An example of a continuous machine 

is that of Aisle, Vig. 487, consisting of 
two cast iron cylinders to which rotar 
motion of opposite directions is imparted. 
A toothed wheel 1s mounted on the axis of 
the lower cylinder, gearing with a solid 
inion, carrying a fly-wheel and crank- 
1andle. At one end of tho cylinders each 
hus a toothed wheel in gearing, to pro- 
duce the opposite rotary motion. The 
catrier 18 an endless band, moving on 
rollers, arranged in the rear of the machine, 
from which the clay is continuously fed 
under the: cylinders by a workman. In 
front of the cylinders is a box of which the 
rollera form one side, the clay issuing by 
orifices on the other side. Aw the pipes 
issuo from these orifices or dies, they are 
carried forward on an endless band, and are cut to the required length by brass wires drawn 
transversely. This machine is one of the earliest forms of pipe-making machines in which hand 
power is employed, and requires the sasistunce of four men and several boys. 

Ohampion’s machine, Fig. 488, consists of a circular horizontal plate about 4 ft. 6 in. in diameter, 
pivoted upon a base and receiving rotary motiun from an axle, with pinion or crown wheel. Abovo 
the plate is a draw tube, carrying at its centre an iron arm terminated by a cone which imparts to 
the manufactured pipe its inner bore. A bottomless box or cover is fixed above the horizontal plate, 
and oue of its vertioal faces furms a radius to the plate, with a space of about } in. between tho 
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lower edge and the face of the plate. The clay placed br the circular plate is drawn by the 
rotary movement, and strongly pressed a t the vertical side of the box, aud being forced to 
escape beneath this vertical partition to the moulding nozzle, is cleared from stones. 

An intermittent machines intended fur the manufacture of drainage tubes are based upon the 
same principle. A piston, actuated by a rackwork and pinion, compresses the paste in a cylinder 
or box, and forces it to issue by the dies. The differences 
are in the number of cylinders and the position of the 
charge. 

Clayton’s machine consists of two vertical cnst-iron 
cylinders alternately brought into work, in which pistons 
strongly compress the clay through the moulding nozzle. 
This machine so closely resembles the brick-making 
machine, being indeed a brick machine applied to another 
parpone, as to render detailed description unnecessary. 

nders’ and Willixms’ machine consists of a rect- 
angular box A, Fig. 489, mounted between heavy sides 
B, on a base C, on wheels. The two ends of the box 
are open, except that one receives the piston D, and the 
other the system of dies E, This arrangement admits of j : 
replacing the dics by a sheet of iron, pierced with holes for the pups of cleaning the earth from 
stones. To maintain the dies in position, a keyed pin c is employed, with a groove which engages 
the lower end of the die plate. The piston consists of a head and a rack bar F, actuated by the 
pimon G and the wheel J and intermediate gearing. In order to introduce the clay into the box A, 
& lid M is provided, raised by means of a handle, and clamped with a sliding nut R. 
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The die consists of a cast-iron plate, in which is arranged a certain number of holes, of a 
diameter exactly that to be given to the exterior of the pipes. In the centre of these holes is 
arranged a mandril g truly centered, and maintained in position by the tie-bar 4. The space between 
the die and the mandril is intended for the passage of tho clay to form the pipes, and must be 
adjusted to give the thickness to the pipe desired. On issuing from the dies the pipes I’ are 
received on an endless band 8, moving on rollers. They are then cut to a given length. In the 
piston D is a valve and air holes to admit air on the buck stroke of the piston to prevent suction. 

Other examples of pipe-making machines are founded strictly upon the construction of brick- 
ee machines, except in the form of the die, and it is therefore unnecessary to repcat the 

escription. 

Ba: rowsand Conveyance of Materials—The barrow is indispensable in the brickfield, both in the 
form of the ordinary wheel w, which it is rialectaprast hag describe here, and in the form specially 
adapted for the conveyance of the moulded brick to the a ee galleries, and thence to the 
kiln. A barrow of this latter form conaists, as does an ordinary barrow, of a body with two 
handles, generally the extension of two branches or horizontal supports, the anterior extremities of 
which carry between them a wheel. The ordinary barrow generally used for the conveyance of 
the clay in the brickfield weighs 40 to 50 lbe., and will contain’ one-thirtieth to one-twentieth of a 
cubic metre of earth. The English form of wheelbarrow is preferred in general use, even on the 
Continent, as being more easily pape iy of its load. Whatever the kind of barrow, the load is 
carried partly by the wheel and partly by the arms of the wheeler. On horizontal ground, with a 
barrow of ordinary proportions, the wor supports one-fifth to one-third of the total load, and 
the wheel supports the remainder. The effort necessary to push the barrow is equal to the weight 
resting on the wheel, multiplied by the coefficient of friction of the wheel on the earth, and increased 
by the friction of the axle. The coefficiont of work is greater, on the sume soil, than with carriage 


194 BRICK-MAKING MACHINES, 


whools, which are of much greater diameter. When the plane or path is sloped, the labourer brings 
hie hands nearer to the body of the barrow, and supports a greater fraction of the weight, diminishing 
by as much the load upon the wheel. The reduction in the effort of pushing thus obtained partly com- 
pensates for the increased work due to gravitation down the inclined plane. Practice, in accordance 
with tho indications of reasoning, modifies the form of the felly of the wheel with the nature of the 
surface on which it isto rll. If the soil is eoft, the folly is made broad; if to be wheeled over & board, 
the folly, or even the whole wheel, may be of cust iron. It may be estimated that a common Ww 
will convey 60,000 to 70,000 loads, and traverse 1500 to 2000 miles, before becoming unfit for 
service. 

Brick-kilns,—Morand’s kiln, for burning all kinds of firebricks and fireclay goods, consists of a 
tunnel-shaped building of brick, divided into chambers by partition walls, each chamber containin 
usually about 10,000 bricks. Along the whole length of the kiln and above the arch are pl 
steam flues, communicating with each chamber by means of side dampers, and with the chimney at 
the end of the kiln, Underneath the kiln, and doraine the base of the side walls, are the seat ne 
flues, also communicating with each chamber separately and with the chimney. Both steam an 
heut fluos are provided with dampers in convenient positions, The steam or upper flues are used 
for cairying off the steam, during the process of drying the bricks with the surplus of heat from the 
burning chamber, or the heat produced by the fires when the kiln is first started. The heat or 
lower flues are to allow of the conveyance of the heat from any one chamber to any other chamber, 
at the will of the burner, for drying or steaming dry green bricks cither backwards or forwards, the 
necessary draught for diawing back the hoat being given by the steam fiues above, which are in 
direct communication with the chimney. Exch chamber is provided with two side fires, ono at 
either side, and holes or opcnings for the ingress and egress of tie bricks. The partition walls are 
provided with wickets for the paseage of the heat directly from chamber to shamnbe . These wickets 
gro temporarily blucked up with bricks, which are readily removed from the side fircholes. The 
lai ge opening in the centre of the partition wall is to allow of the stacker placing the bricks regu- 
Jarly trom one end to the other, and is bricked up when the chamber is full. The top of the kiln is 
flat, and provided with small round stokeholes, through which the dust coal is fed in small quanti- 
ties info the chambers below. The surplus heat from the first chamber, when all the steum 1s driven 
off, is passed forwurd into the second, to steam the bricks in advance before escaping intu the steam 
flue. When tho last chamber 1s reached the heat 1s brought back, through the lower or heat flues, 
into the first chumber to partially dry the bricks therein, before pussing into the steam flue, and 
thenee to the chimucy. The end fires are agam hghted, and tho operation continued as before. 
By this arrangement the advantages obtamed are, that the bricks in each chamber are thoroughly 
steamed sepaiately, the steam escaping by means of the top or steam flues before the heat 1s 
wllowed to pass into the following chamber, which is a most important feature in burning fireclay. 
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In this way a colour is obtained, and the risk of crushing down the bricks in advance is 
entirely avoided. Also, there is facility afforded by the combination of the steam and heat flues, for 
bringing back the heat from any given chamber to any other chamber, in which it may be used for 
drying the bricks in the kiln itself, resulting in a considerable saving in fuel, the gases escaping to 
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the chimney being grok eold. In Fign. 490 to 498, Fig. 490 is a longitudinal section, Fig. 491 a 
plan, Figs. 492, 498, back and front elevations of this kiln. A A are the drying and burning 
chambers, C fireplaces, D stoking-holes, G smoke or steam flucs connecting the other flues and the 
chambers with the chimney. IT are the temporary openings for carta for removing the bricks, and 
JJ pony oper for setting the bricks. aa are division walls separating the burning and 
drying chambers; } temporary openings in these walls; dd are horizontal dampers connecting the 
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chambers with the steam flues; ¢¢ are shoit passages connecting tho flues with the chambers, 
f dampers controlling communication through these short passages. gy are passages from tho 
chambers to the steam fines, closed when required by tho horizontal dampers d, and the vertical 
dampers 4; thero are also holes to allow steam to oscape when the kiln is first used; y the damper 
connecting the horizontal flues with the chimney 

BRIDGE. 

The materials of which bridges are usually constructed have been already onumorated in tho 
article on Bridge in this Dictionary, with the exception of steel. Hitherto, this has not attained 
that degree of prominence in bridge building which has been accorded to it in the construction of 
boilcra, the manufacture of rails, and the building of ships. Recently, however, a few notablo 
examples of the crection of steel bridges, on a very large scale, have presented themselves. To 
thesc, as well as to the numerous puints having a practical bearing upon the subject, wo sliall moro 
purticularly direct attention in the lat article, and the mformation which 1t contains is that 
which is derived from the study of the deseniption and analysis of existing bridges, and not of 
those which have nevor pasyed the limita of the drawing office, 

There are certain data indispensable for proceeding with tho genoral design, op determining 
the main features of any bridge; these, as will be seu, affect in a greater degree the foundations 
and substructure than they do the superstructure, although the latter is not by any means inde- 
pendent of them. In many instances, it is entirely at the option of the engineer whether he 
employ a cast or wrought-iron girder, and the pirticular forin or type of the girder depends, 
frequently, altogether upon his own judgment. 

The plan of the site of a bridge, including the number and pusition of the abutments and 
intermediate piers, supposing the bridge to have more than one span, depends upon several 
conditions, which have to be carefully attended to. Tho desiderata are minimum ovst and 
interference with existing roads, rivers, canals, or railways, as the case my be. In the instance of 
a railway viaduct traversing a valley, the engineer, by a series of trial calculations, determines at 
what particular span, generally between the limits of 30 fect and 100 feet, the combined cost of 
piers and superstructure is a minimum. In the case of a river, the spans arc determined similarly 
in some instances, and very differently in others. Thus it may be essential to avoid any inter- 
ference with the navigation interests, even when this course occasions a greatly enhanced cost, as 
such a reason, amongst many, frequently entirely outweighs mere economical co 
Sometimes natural advantages present themselves in the line of the proposed structure, upon which 
to erect intermediate supports or piers, and orcasionally, but rarely, there are existing a upon 
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which to carry a bridge, or a portion of it, as in the railway bridge over the Thames at Charing 
Cross, where two brick piers, which originally supported the towers and chains of the old Hunger- 
ford suspension foot-bridge, were utilized, as already described in the article Bridge. 

Scctions.—A longitudinal section of tle site, sufficiently extonsive to include the approaches to 
the bridge, is equally necessary as the plan. The character of the section, together with the 
borings, will give the depth of the foundations and the height of the superstructure. This is 
evident from an inspection of Fig. 494, which represents a longitudinal section of the site and 





= epee of the Kansas city bridge. The line BC D is the gradient of level of the railway, 

EF shows high-water mark, and the position of the pies is shown by the thick vertical lines. 
One or more cross-sections should also be made at right angles to the centre hne of the bridge, where 
the abutments and wing walls are situated, in order to determine the length of the latter, as will 
be scen further on. 

Foundations.— The subject of Foundations has been already treated of. See articles Construction, 
Bridge, Railway Enginecring, Docks, Water Works. But there are a few practical points in 
connection with it, which we shall notice, as well as give a description of the principal methods of 
sinking cylinders under water. 

We are indebted, with the exception of a fow additions, to Jules Gaudard’s remarkable paper on 
Foundations, presented to the Institute of Civil Engineers, in 1876, for the following particulars. 

To ascertain the nature of the soil on which the foundations are to be laid, borings are generally 
taken, but they sometimes prove deceptive, owing to their coming on chance boulders, or upon 
adhesive clays which without being firm, stick to the auger, and twist 1t or arrest its progress, 
and the specimens brought up, being crushed and press d together, look firmer than they seally 
are. To seme thee defects some cngincers have adopted a hollow boring tool, down which 
wator is pumped and reascends, by an annular cavity between the exterior surface of the tool and 
the soil, with such velocity that not only tho detritus scraped off by the auger, but pebbles also are 
lifted by it to the surface. This process is rapid, and the specimens, which are obtamed without 
torsion, preserve thc ir natural consistency. 

On stiff clay, murl, sand, or gravel, the safe load is generally from 55 to 110 owt. on the square 
foot, but a load of 165 to 183 cwt. has been ia upon close sand iu the foundations of the Gorai 
Bridge, and on gravel in the Loch Ken Viaduct and at Bordeaux, In the bridge at Nantes there 
is a load of 152 ewt to the square foot on sand, but some settlement has taken place. Under the 
cylindrical piers of the Szegedin Bridge in Hungary, the soil, consisting of clay intermixed with 
fine sand, bears a Joad of 133 ewt. on the square fuot, but it was deemed expedient to increase its 
pupporting power by driving some piles in the interior of the cylinders, and also to protcct the 
cylinders by sheeting outside. Cylinders, moreover, sunk to a considerable depth in the ground, 
possess a lateral adhercneo, as is evident trom the weights required for sinking them, which adds 
gionily to the stability of the foundations. Taking into account this auxiliary support, the loads 
of 159 and 117 ewt. on the square foot, at the bottom of the cvlinders of the Charing Cross and 
Cannon Street Bridges respectively, are not excessive. On a rocky ground the Roquefavour Aque- 
duct exerts a pressure of 267 cwt to the square foot. 

Bridge foundations may be classed as ordinary foundations, on land or protected from any con- 
siderable rush of water; and hydraulic foundations in rivers or in the sea. When the ground 
consists of rock, hard marl, stiff clay, or fine sand, the foundations can be laid at once on the natural 
suiface, or with slight excavations, and with horizontal steps where the ground slopes. At the 
edge of steep descents, with dipping strata, it is necessary to find luyers that will not slip, or if 
there is such a tendency, to strengthen the layers of rock by a wall, especially when it ia liable to 
undergo decomposition by exposure to the air, or to use iron bolts uniting the layers of rock. On 
Sita having only a superficial hard stratum resting upon a soft subsoil, buildings have sometimes 

n erected by nee increasing the bearing surface, and lightening the supeistructure as much as 
possible; but generally it is advisable to place the foundations below all the soft soil. On an 
uneven surface of rock a layer of concrete spread all over affords a level foundation. Sometimes 
large buildings have been securely built on quicksand, of too great thickness to be excavated, by the 
aid of excellent hydraulic mortar, and by excavating separately the bed of each bottom stone. Such 
a neon will be stable if ite pressure on the foundations is uniform throughout, and it it is placed 
sufficiently deep tof*ymterbalance the tendency of the cand to flow back into the foundations. 

One mp~ ~“* “° “ting a solid foundation, without removing the upper layer of soft soil, is by 
pil? sans ot read hie to decay in many soils, Sometimes columns of masonry ade the 

aiig, but piles are li laced farther apart than piles, it is necessary to connect them with 
_ superstructure, but being 8 Ob.wever, of viaducts supporting a heavy load must be carried down 
arclies at the surface. Piers, hc ft aa in the case of the viaduct of Otzaurte, on the Rio Salera, in 
in one mass to the solid groun get through 65 ft. of silty cluy to lay the foundations of a pier 
Spain, where it was necessary t r to avoid getting out so large an excavation in one picce, a well, 


81 ft. long by 18 ft. wide. Ino 
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Fig. 495, was dug 4 ft. wide, and extending across the whole width, 13 ft, of the pier, so as to 
divide it iuto two equal portions. A chamber 9 ft 101m high, was then driven at the bottom, like 
a heading, as fur as the limits of one half of the foundations of the per, and built up with masonry. 
The other half was similarly dealt with, and the excavation and masonry wag cained up in 
successive lifts of 9 ft 101n The central well served as means of 
access for pumping water out, fur the removul of earthwork, and the 
supply of matenals 

fo avoid the difficulty and expense of timbe nng deep foundations, 
& lining of masonry 18 sometimes sunk, by gradually «\cavatin,z tho 
ground underneuth, and weighting the mas nry cylinder, which 1s 
cventually filled in with rubble stone, concrete, or masonry, and seives 
as a plier 

In India a similar system has been followed for centurics for sink- 
ing Wells, which we descnbe at length at page 200 

When the stratum of soft soil 1s too thick for the foundations to be 
placed below it, the soil must be consolidated, or the arca of the 
foundations must be sufhciently extended to enable the ground to 
support the load. The ground may be consulidated by wooden 
piles but im soils whcre they are hable to decay, pillars of sand, or 
mortar, or coner< te, rammed into holes previously bored, may be used 
Artificial foundations are alsu formed by placing on the soft ground, 
cither a timber framework, surrounded vccusionally by sheeting, a 
mias of stone rubble, a layer of concrete, or a thick layer of fine 
sand, spread in layers 8 to 10 in thich, which, owing to 1ts semi- 
fluidity, «qualizes the pre ssurt 

When the foundation 1s not homogenous it 19 necessary to pro- 
vide against unequal settlement, either by incrcasing the bearing 
surface where the ground 1s soft, or by carrying an arch ove: the 
worst portions 

Bnidge foundations m water are Ind upon the natural surface 
where it 18 rocky, also on bids of gravel, sand, or stift lay, secured 
against scour by aprons, shecting, rubble stones, or other means of protection When the founda- 
tions are to be pumped dry, dams aro rsurtcd to uf the depth of watcr doos not exceed 10 ft, and 
capeciilly where the water 16 less dcep and rapid, and the bank forms one side of the dam = ‘I ho dam 
can be made of clay, o: even earth free from stones and roots, with slopes of 1 to 1, the wi lth of 
the top bein, about equal to the depth of water, when the depth does not exceed 3 ft m a current or 
10 ft in still water The lcakage of a dam and the dangor of brcaches increases rapidly im propor- 
tion to the head of water 

Concrete makcs a solid dam, but it 1s expensive ¢> construct and difficult to 1 move 

A cofferdam with a double row of jnles takcs up Icsa spaec, and 18 less Hable to be won away 
or breachcd than an earthwork dam = ‘Lhe width of a coffeidam is oftcn as great as the head of 
water, but if strutted insidc, $0 that the clay acts asa water-tazht linmy, the width need notexce d 
fron 4to6 ft Inacottrdam ofconcrete at Murscilles the widths wore calculated at 0 45 of the 
total haght, the maximum width had thus attaine | 20 ft 

In building the viaduct at Lonent, on a foundation dry at low water, a single r w of strutted 
piles, 3 tt apart, plankcd from top to bottom on both sides, was usel, and the space between the 
planking, 10 in wiie, was filled with sult, proaxd down When the filling 1 so much reduced in 
thickncss the planks are carefully joncd, and the clay mixcd with moss or tow, or somotimes with 
fine gravel or pounded chalk As watcr leaks through jointsand connections, the ties are placcd as 
high up as powbl, and the bottom 18 scooped out or elcancd before the clay 18 putin) =Whin the 
siles of the part to be cnclosed are sufli- 
chently close, they may be cifcetually sup- 
portid by a serics of stays, as was done in 
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apron of the Mclun dam, Fig 496 where 
struts were put in at intervals of 164 ft 
If large springs buist out in an ¢xcava- 
tion, they must either be stopprd up with 
clay or cement, or be confincd within a 
wooden, brick, or irun pipe, in which the 
water rises until the pressure is equalizd, 
and then 1s stupped up as soon as the musoury 1s sufficiently advanced and thoroughly set. If, how- 
evir, there is a general leakaze over the whole bottom, it must be stopped by w layer of concer: te, 
incorporated with the foundation courses 
Hollow timber frames without a bottum, and made water-tight at the bottom aftor being lowered 
by con rete or clay, are suitable in water from 6 to 20 it deep on dtd beds, or where there 1s only 
ashzht layer of mlt This method was resortel to by Beaudeomoulin, between 1857 and 1861], 
at the St Michael, Solferino, Change, and Louis Philippe bridges at Pans Tho timber framo at 
the St Michacl’s Bridge was 15 ft 9in high, 125 ft long, and 19 ft 8in wide at the base, with a 
batter of In 5, the uprights were 6 in square, and (4 ft apart, the framework was of oak 
and the planks of deal, 9 in by 3 in, the spuccs betwecn them being covered by small laths 
nailed on to the planks Fourteen crabs placed on four boats supported thc franiung, and let 
it down og it was built up, this was weighted with stones to sink it on the foundations pre- 
by dredging, and the planks were then slipped between the wallings, and beaten down 


lightly 
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At the Point du Jour the caissons were 131 ft. long and from 26 to 88 ft. wide, and from 21 to 
26 ft. high. The long sides were put together flat on the ground, and were lifted up to allow of 
the short sides being fixed to them. A few hours sufficed for depositing the caisson in its place. 
Picard, in reconstructing the Bezons Bridge after the Franco-German war of 1870, used caissons in 
two portions, as the lower portion had to remain, whilst the upper portion was only needed for a 
tiie, Some nails and straps fastencd the two portions together. A layer of clay was placed under 
the rubble toe outside, to prevent lea between the concrete and the planks This expedient 
was first adopted oe in order to pump dry foundation carried down into clay, a0 as 
to build masonry walls on the bottom without using concrete. At the Aulne viaduct, in Brittany, 
Desnoyers and Arnoux made a caisson, Fig. 497, 75 ft. 6 in. x 84 ft. 9 in., and nearly 23 ft. 
high, and, with the exception of the bottom portion, caulked beforchand. When it was deposited 
the bottom planks were slid down between 
the lower sot of wallings, and a toe of puddled 497. 
clay, A, protected from the rush of the cur- 
rent by canvas, was put round the bottom 
outside. When the caisson, put together on a 
stage supported ov eight boats O, was ready for 
depositing, it was lowered till the projecting 
pieces B touched the ground, and by cutting 3 | 
the beams fastening these projections to the = TULL Tease 
bouts, the boats were set free. As the tide ae eee ale “ee 
rose the caisson floated, and the boats were a 
attached to its upper part, which by lightening 
lifted it sufficiontly for tho projecting pieces 
to be taken off. The depositing was com- 
pleted by allowing the caisson, wcighted with 
rails, to sink on the dredged bottom, as the 
tide fell. Thus, by the help of water alone, a mass weighing 74 tons was safely and accurately 
deposited. Laige caissons have also been employed, with an interior dam of concrcte forming a 
permanent part of the foundation, inste:d of an external too of clay; and cuissons have also been 
mado ybcepina by a dam of clay inside, which necessitates a somewhat larger caisson, but admits 
of the removal of the timber. 

When a limit to the space occupied is immaterial, a sort of double-cased cribwork dam is 
frequently adopted. deen 3 iron caissons are geuerally used for penetrating some distance into 
tho soil, there are instances of iron caissons being mercly deposited upon the natural bed. 

The methods employed for laying foundations in the water, either on the natural surface or after 
a slight amount of dredging, have next to be considered. 

A rubble mound foundation is sometimes pmpleye: Such a method, however, is little suitable 
for bridge-work, where a slight settlement would be injurious. 

Anothor method consists in sinking a framing, not made water-tight. inside which concrete is 
run, and tho framing remains as a protection for the concrete, and 1s surrounded by a toe of rubble. 
If tho framing is of some depth, iron tie-rods are put in by divers after the bottom has beon dredged, 
to enable the framing to support the pressure of the concrete. When piles can bedriven the framing 
ig fixod to them. The piles, 5 to 8 ft. apart, have a double row of walings fixed to them, between 
which close planking is driven, from 10 to 14 in. wide and from 8 to 5 in. thick; and sometimes, 
when the scour of a sandy subsoil has to be preveuted, tho planks are givoved and tongued, or have 
covering pieces put on by divers, or are driven in close panels, 

In permeable soils, foundations of concrete enclosed in frames are pegs employed, but in 
silty and water-tight soils, foundations in excavations pumped dry are preferable, 

The bed of the Rhone at Tarascon, consisting of sand and gravel, in which piles are difficult to 
drivo 18 subject to scour in floods to a depth of 46 ft. Foundations, however. were laid there at consi- 
dorablo expense, by frames with double lungs, 10 ft. apart, in which large blocks were placed with 
unhewn stones on them; the ground was then dredged inside the frames to 28 ft. below low-water 
lovel, and 260 cubic yds. of concrete deposited in twenty-four hours, 

Lastly, concrete can bo deposited tn situ for bridge foundations; and though concrete blocks are 
only used in sea-works, bags of concrete are sometimes employed, instead of rubble stones, for 
forming the base of piers or for preventing scour. 

Piles are used where a considerable thickness of soft ground overlies a firm stratum, when the 
upper layer has sufficient consistency to afford a lateral 
support to the piles, otherwise masonry piers must be 


adopted. 

The piles are usually placed 23 to 5 ft. ks any contre 
to centro. <A timbor grating can bo fastened to the top 
of the piles, or a layer of concrete is deposited, or both 
grating and concrete, as the grating distributes the load 
and strengthens the piles, sah is sometimes put 
on the framing which distributes the pressure, as at 
London Bridge, but it is considered objectionable, as it 
prevents any connection between the superstructure and 
tho concrete, and increases the chance of sliding. The 
space between the piles, from the river bed to low water, 
is sometimes filled with rubble stones and sometimes 
with concrete, as in Fig. 498, which is less liable to disturbance. When the ground is very soft 
a filling of clay has been preferred on account of its being lighter than concrete. 

A mixed system of piling and water-tight caissons, o rubble filling and concrete, was adopted 
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at the Vernon Bridge. After the piles had been driven, the spaces between them were filled up to 
half the depth of water with rubble stones; a caisson 10 ft. high was then placed on the top, and 
a bottom layer of concrete deposited in it. In a month's time, the interior of the caisson was 
pumped dry, the heads of the piles out off, and the filling with cement concrete completed to low- 
water level. The caisson was out off to the level of the grating as soon as the pier was abovo 


water. 

The load that a pile driven home and secured from latoral flexion can bear, may bo ostimated at 
from ,45 to} of the crushing load, which varies betweon 5700 and 8500 lb, on the sq. in. 
Thus taking o fair load of 710 1b. on the sq. in., a small pile 7 in, in di umoter will bear about 
12 tons, a pile 18 in. diameter about 80 tons, and a pile to bear the load of 25 tons used as a unit 
by Perrouet should be about 10 in. in diameter. 

In offier to prevent the danger of overturning in silty ground, the ground is sometimes first 
compressed by loading it with an embankment, which is cut uway after a fow months at those 
places where foundations are to be built. At the Oust Bridgo 1t was oven necessary to connect the 
piers and abutments by a wooden apron, which, for additional security, was surrounded by 
concrete, Fig. 499. The abutment C was made hollow to lighten it, and the cmbaukment It hud 
compressed the silty giound mn. At 
the bridge of Bouchemnine, near 
Angers, tho bending of piles, which 
traversed about 20 ft. of silt, has becn 
stopped by surrounding them with 
great masscs of rubble stones. : 

Occasionally foundations on piles = 
have failed or suffered great sets or Bae 
lateral displacements. See article on 
Pile Driver, at p. 2616 of this Dic- * 
tionary. 

Floating caissons require a bottom 
carefully Jevelled on which to be 
lowered; but usunlly this kind of 
caisson is deposited on piles cut off 
to one level. The-c caissons have oak bottoms and movable sides of fir, and enable tho masonry 
piers built inside to be lowered on piles previously diiven. The oak bottom serves as a platform 
for the pier, and the movable sides can be used again for other caisgons. At Iviy, with only two 
sets of movable sides the four caissons were put in place in one menth. Tho bottom, which con- 
sists of a single or double platform, has timbers projecting undemcuth, which fit on to the row 
of piles. The movable sides are sometimcs fnade in panclx, which fit mto grooves both im tho 
bottom framing and in upright posts, placed about 10 ft apart, which are tenoned at the bottom 
and kept in place at the top, by transoms going across the caisson. Tho different parts of tho sides 
are pressed together by the bolt A B, Figs. 500, 501. In other instances tho sides butt against tho 
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vertical sides of the bottom, against which they are pressed by keyed bolts D, Figs. 502, 503, 
placed at intervals of 5 ft. The caisson is kept near the shore whilst the first courses of masonry 
are being built in it; it is then on a favourable opportunity floated over the site of the pier prepared 
to receive it, and is gradually sunk by Ictting in water. 

Screw piles have been principally used in England and in the United States; they will 
penetrate most soils except hard rock, and can get a short way into compact marl, through loose 
pebble and stones. ® 

Piles with discs differ little from screw piles except in the method of sinking them. This 
operation is performed by sending a jct of water down a wroughit-iion tube inside the cast-iron pile, 
which washes away tho silty sand from undernesth the disc and causes the pile to descend. 
Wooden piles, with a cast-iron shoe carrying a disc, might easily be sunk in the same manner, the 
water-pipe being carried nema ame fede the disc. ~ : 

Hollow wrought-iron piles have also been forced down by blows of a monkey, in silty and sandy 
ground interspersed witl: boulders, to a depth of about 60 ft.; the thickness of the piles being ubout 
} in., and the diameter 193 in. j 

care masonry piers carried through thick layers of soft ground to a solid bed may be con- 
structed by various methods, and constitute the best kind of foundation in such a situation. 
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Fhe method of cased wells is suitable, where the silt is sufficjently compact and water-tight to 
admit of pumping the well dry, and where the depth of water is saseil, and can be easily kept out by 
@ cofferdam, or a caisson without a bottom. The well is sunk by the ordinary method of sinking 
wells or driving headings in silty ground. When the pier is so wide as to render strutting difficult, 
an outer ring can be first lowered, which serves afterwards as a casing for excavating the inner 
portion. When permeable gravel or very liquid silt has to be traversed, it is nevessary to resort to 
tubular foundations. 

Cylindrical foundations are sunk with or without the aid of compressed air according to circum- 
stances. These foundations possess two en advantages of being capable of being sunk to a 
considerable depth, and ot pepe pHing the least obstruction to the current. 

In a clay soil the cylinder acts as a movable cofferdam, which is sunk by being weighted, and 
enables the foundations inside to be built up easily and cheaply. Iron cylinders are pr®ferred in 
certain cases to cylinders of brick, masonry, or concrete, on account of the ease with which they are 
luwered in deep water on to the river bed; in spite of the disadvantages attaching to them of high 
bebe the considerable weights required for sinking them, and lastly of being only cases for the 

ers. 

In India, where this method is largely employed, the linings are made in radiating courses of 
bricks or stones; the first length, from 5 to 10 ft. high, being ut on a circular wooden framework 
peel on the surfuce of the ground. Very fine sand i or filling the joints, except for the 

wo or three top courses, which are laid in mortar, and the whole construction is tightly bound 
together. It is then gradually sunk by a man inside undermining it, and another length is placed 
on the top. As these operations are generally conducted in the silty or sandy beds of rivers 
which become dry in summer, there is no running water to contend with, but water percolates 
into the excavation, and then the natives use a jham, a peculiar native tool, by which they remove 
the earth from under water. Although the external diameter of the wells has been sometimes 
limited to 5 ft., the advantage of larger dimensions in securing a vertical descent has been always 





recognized. At the Western Jumna Canal rectangular linings were adopted with advantage. At 
the Solani Aqueduct, hollow cubes with sides 20 ft. long, and at Dunowri oblong or square g8, 
80 ft. long and 20 ft. deep, and subdivided into three or four compartments, were used. 
Imrie Bell added a pole to the jbam used by natives to save the trouble of diving, but even 
with this addition the process was slow. The foundations of the Poiney Viaduct, on the Madras 
railway, were put in by this method. In more recent works the curb is made of iron, or of iron and 


BRIDGE. 201 


timber, and angular. The excavation is now usually made by excavators or dredges, and the cylinder 
finally filled with concrete. 

The curbs for the Alexandra Bridge, on the Punjaub Northern Railway, wero of hard timber, 
built up of wedge-shaped segments below and additional flat covering pieces above, all br akin 
joint, and forming a ring of 2 ft. broad and 2 ft. deep. The component parts wire securely fastene 
together with 3 in. bolts, and the bottom of the wedge was armedewith a cutter plate of }-inch 
iron 12 in. deep, riveted’ to a ring of 3-in. angle iron, which was agiin bolted to the timber, the 
wedge pieces or segments re-ting thereon. The outside diametcr of the curb was 12 ft 6 in., corre- 
sponding to the size of the wall. The steining of the latter was 3 ft. 8 in. thick, reducing the 
internal diameter to 6 ft.; therefore the brickwork was gradually corbelled inwards from the curb 
until the full thickness was obtained. hight tic-rods placed at equal distances around the curb 
were continuous throughout the steining. 

Fig. 504 is a quartcr plan at top, and Fig. 507 a section of a combined iron and timber curb such 
as the above. Fiz. 506 a quarter plan of the bottom. Fig. 505 a half plan of the upper sidv of the 
lower segments of timber. The scantlings out of which the segments are cut are shown by dotted 
lines, the position of the timber tie-bolts by the large dots, and of the vertical tic-bolta by circles. 
The inner timbers have butt joints, the outer timbers ovcrlap. 
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Tho wells were built in five lengths of 14 ft. each. At the top of cach length, a ring of bar fron 
was laid in the brickwork the tie-rods passing through it und being screwed down tight by a nut 
6 in. in length. The next length of tie-rod was screwod into the upper half of this nut or coupling, 
and soon. Thus each length of well was a compact cylinder 1m itself, capable of being pulled fiom 
side to side while sinking without injury to the bnekwork. Tho curbs weighed 3 tons each. 

The practice at the Ravi Bridge, was to build a cylinder of brick 12 ft. 6 in. in diameter, and of 
the same height, and sink it fiom 10 to 12 ft Another length of 12 ft. 6 in, total 25 ft, was then 
addid, and sunk about 20 ft ; next a length of 25 ft of cylinder, total 50 ft., was built and sunk, 
as fur as possible without weighting, usually 35 to 40 ft. Finally a length of 20 ft. was built, com- 
pleting the 70 ft. of cylinder which was sunk without further weighting, sometimes to 60 ft , when 
a load of 150 tons of rails commonly sufficed to complcte the sinking to 70 ft. The greatest load 
required for any well was 250 tons. At the commencement of the works the curbs were pitched 
6 in. apart, and much difficulty was experienced from the cylinders drawing together. This was 
effectually remedicd by pitching the remainder 2 ft apart. When cylinders have to be sunk to great 
depths, they should probably not be nearer together than 4 of their diamoter, 2 ft. being the mim- 
mum distance. The avereee progress with the large cylinders at Ravi, was 2 ft. a day of sinking, 
or 8 in. a day of actual work, including building and loading. 

Fig. 508 is a quarter bottom, Fig 509 a quarter top plan, Fig 5102 vertical section, Fig. 511 
enlarged sections on the line CC of the gusset, tic-bars, and their connections, of the wrought- 
iron curbs as used at the Chumbul Bridge, Sindia State Railway ; Fig. 512 being the development 
of the conical plate. 

Figs. 518 to 516 are quarter plans on the radial course A, bottom B, third course C, and 
top D respectively, Fig 517 half scction, and Fig. 518 half elevation, of the combined iron 
and timber curbs for 18 ft. 9 in. wells, employed for the foundations at the Sutlej Bridge, on the 
Indus Valle Helwey 

At the Glasgow Bridge the lining was of cast-iron rings, being easier to lower in mid-stream; 
but for the quays and docks on the Clyde, lmings of concrete and brickwork were adopted for the 
suke of economy. Milroy considers that with concrete, which can be moulded to an edge at the 
bottom, all metal additions may be omitted where only silt and sand have to be traversed, and that 
the bottom ring should be of iron for penetrating harder soils. In the Clyde extension works, the 
wells were filled up with concrete, and a double row of cylinders 9 ft. diameter adopted in preference 
to a single row of 12 ft. It would be possible in this arrangement to take out the sand between the 
adjacent cylinders, and form them into a solid mags by filling up these interstices with concrete, 

The foundations for the piers of the Kansas City Bridge, U.8., were sunk by Chanute and 
Morrison, who used open caiasons carried down to the bed rock, or to a hard gravel into which 
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iles were driven, and filled with béton for most of the piers. The work was one of difficulty, as the 
iver Missouri at the point crossed has ag depth and a rapid current. Pier No. 4 was there- 
fore founded by the arrangement Figs. 519, 520, which is an adaptation of the Indian well 
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mothod. The left side of Fig. 519 is a section, and the right an exterior view, of one half; 
Fig. 520 being a oross section of the works. The caisson was 70 ft. long, 20 ft. 6 in. wide, and 
11 ft. in height; the sides were of square timber, the main sills of oak, the seven succeeding 


. BRIDGE. 


208 


courses of pine placed on edge, the two upper timbers of oak, and a triangular pieoe of oak was 
sien below the main sill. The courses were pinned together and bolted to uprights, the outside 
being covered with two courses of 3 in. oak pianks planed. Within this outer wall was placed an 
inner one framed of oak timbers, inclined inwards, and stayed by iron bolts binding them to the 
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outer walls. Three V-shaped cross walls divided the interior of 
the caisson into four chambers, the cutting edges of both main 
and cross walls being protected by a covering of -3, in. boiler 
plate. The whole was caulked, and the interior coated with rooting 
aie The caisson was provided with a fulse bottom, place 

clow the cutting edge; this was removed as soon as the caisson 
was floated into position. Four large endless chain dredges 
served for excavating. After the caisson was brought into posi- 
tion, the openings into the lower chambers were surmounted 
timber boxes, this being continued from time to time as the wor 
progressed. When the hollow walls of the caisson had been 
filled with béton, a second section was built above it, this being 
on open frame structure covered with planks and also filled with 
béton, the entire structure thus becoming purely the covering of 
an artificial monolith, carrying the masonry of the pier above. 
The plan adopted at the Kansas Bridge admits of wide applica- 
tion, and by slight modification can be combined with the pneu- 
matic method, in such a way as to allow of extraordinary ob- 
stucles being removed by men, whilst the entire sand excavation 
is made by machinery. Where facilities exist, caissons should 
preferably be made of iron. 

The extension of the system of sinking cylinders by dredging 
must depend chiefly on improvements in the dredging machinery, 
of which the successive steps in advance already attained may 
be noticed, 

The jham in India was superseded by Kennard’s sand-pump, 
Fig. 521. A is a wrought-iron cylinder, having a pump E riveted 
to it at the top by an angle iron. In this cylinder is a piston 
F fitting loosely, having a play of about } in. all round. It is 
made of lead, and is stared 
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with small holes, to allow of the escape of the water as it descends, 


and on the top it has a flap of leather or indiarubber. It is protected by plates of iron }-in. thick, 
at top and bottom, and on the sides by an iron ring } in. thick. The piston rod passes through « 
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ide G, and terminates in an eye H at the upper end, to which a chain is attached to work it. 
The bottom B of the cylinder is movable, and an upright suction pipe C is riveted to it at the centre. 
This pipe projects outwards for a distance equal to its own diameter, and inwardly nearly to the 
top of the cylinder, The movable bottom is supported by cramps 0, turning in the four movable 
stiffening pieces D, riveted to the sides of the cylinder, the cramps being tightened by cottars 6’. 
At the top are eyes for lifting and lowering the pump by slings 8. The holes a, fitted with the 
hinged flaps, are to allow the escape of watir as the sand fills the cylinder, and a large hole 
cut out of the centre allows the pump to wok. With this machine a well, 12} ft. in diameter, was 
sunk in the Jumna 8 or 10 in. an hour by fourteen workmen. As tle Kennard pump was not 
able to work in the compact clays and conglomerate met with in rebuilding the bridges over the 
Beas and the Sutled), Bull’s dredger was udopted, which consists of a semi-cylindrical caso with 
jaws opening in two quadrants, like the American dredger of Morris and Cummings, 1t has 

een observed, however, that when it met a hard stratum, a descent of only 2 ft. 10 m. was accom- 
Page an three months, whereus in the upper layer the progress was much more rapid than with 
e sand-pump. 

Next came Milroy’s excavator, Figs. 522, 528, which consists of a frame of iron, with an outside 
rim 9 in. in height, to which 1adiate ; irons from a ring in the centre. Tothe bottom areb 4 
eight heavy spades, which, when drawn in, fit closely into each other, with their pomts p 
against tho rng in the centre of the frame. Tho hinges are constructed so as to prevent 
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beck beyond the perpendicular when the spades open, or when forecd into the giound Tho 
movemonts are eflooted by two sets of chains attached to a hoisting cham A, Fig 522, this 
passing over & pulley aloft, on to the barrel of a doubl-acting 12 H.P. cngine. The first ot of 
chaina, all of equal length, are fastened at one end tothe 1m, At the other ond they unite into 
& single chain, which is connected to a clutch ©. These are for lowering, and when the tool 
hangs by them tho spades fall opon from their own weight. The second set of chains D are eight 
in number, of equal length, and fastened at one end to the inside of a spade, and at the other to 
the end of the main chain. 

Before lowering the excavator, the chains B are hooked up, to the extent of their length of single 
chain, on the monkey-hook ©. As soon as the spades aro felt to be in the ground, the clutch C is 
disengaged by means of a rope, and the chains slackeued. When this takes place, and the engine 
begins to pull in the main chain, the clams D, being now shorter than the other act, are brought 
into play, drag the spades through the ground, and raise tho whole to the landing-stage. A lorry 
is thon pushed in underneath. The chams B are hooked up, the machine 18 raised a little, when 
the spades fall open the material is emptied into the lerry. In order to force the spades into the 
ground, two timber guides are lowered down on opposite sides inside the cylinder, and are 
maintained at the proper distance apart, by being fastened at their lower ends to a strong iron hoop, 
and at the upper to the cylinder itself. As the depth increases, additional timbers and hoops are 
added. These guides have no connection with the cylinder except at the top, and can be easily 
reinoved, Each guido is composed of two timbers 6 in. by 4 in. fastened togetl.er, between which 
is fixed at either end a pulley. A separate chain F fastened to the top of an pee de T iron passes 
down the et haere under the lower and over the upper rae de a guide, and is wound round 
the large axle of capstan on the landing-stage. When this chain is tightened, it tends to force 
the spades into the ground, and to keep the machine down while they are being drawn in 

At the Glasgow Bridge, one of the works where Milroy’s excavator has been employed, the 
progress was, on the average, 113 ft. a day, and the maximum 20 ft. Another machine to effect 
the same purp: ge is tho serew-pan, used at the Loch Ken Viaduct, a conical perforated vessel, the 
diameter at the top being 2 ft., and furnished at the bottom with a screw which enters the ground 
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when turned, The sand and mud entering tho vessel are retain 


ne. ig th tained by little leather valves whon 
een is lifted. It works well in silt and clay; in harder soils a smaller vessel is 


The boring head use] by Leslie, at the Gorai Bridge, consi i : 
blades underneath, able to disintegrate hard clays and Sona a this ts waned tiie tne 
cylinder, and at the same time the excavuted material is drawn up and removed from the cylinder 
by a siphon. Tv mainta’n an upward pressure in the siphon, the levol of the wat:r in the 
cylinder is always kept higher than in the river. Tho boring head made one revolution in ahout 
one minute and a half or 2 minut:s, aid excavated through clay and sundy silt at n rate of about 
1 foot an hour. Ono advantage possessed by this system is that the rato of progross is indepondent 
of thedepth. The side piers of the Gorai Bridge were sunk 124 ft. below the surface, and the river 
picrs 98 ft. below low-water level. The mizers used in sinking wells for water supply may also be 
gate ies ee under aber conditions. The systom of sinkmg by dredging is 
generally 2 preferred tu the compresse | air system, except where 

boulders or amabiided trees, are met ith ae PD Ey ne neroue(obatecins: aucli ns 

At tho Kistna Viaduct in India, the piers are very irregular, varying in height from 84 ft. to 
76 ft. 6 in.; each pier consists of two columns of wrought-iron cylinders 10 ft. diametor at the baxe 
tapering to 7 ft. at the top. The verticul joints are formed internally of continuous T irons, rivetid 
through to outside strips. The ends of each cylinder were planed to form horizontal butt joints 
with strips inside and out. The cylindérs were sunk to the underlying rock, and there held down 
by light bolts, each 2 ft. 1 im. long, by 1{ in diameter. Holos drilled in the rook allowed these bolts 
to be Ict in head downwards, the screwed ends being attached to the cylindors, and tho spaces filled 
in with Portland cement. The cylinders are filled in with comont conerote, and finished with stone 
caps, Which form the bases for the bed girders, placed directly on tho concrete. 

Fig. 524 is a section of the arrangements made for erecting the cylinders, and filling in the 
concrete at Kistna, An annular platform surrounds the cylindor, susponded from radial arms 
which are carried by sheer legs. Thore are eight armas, 
one for each cylinder segment, and these are ti mporarily Bat. 
attached to the work; as this progresses the sheer legs 
are elevated by the central leg, carried upon the trestle 
resting on the concrete. The materials are raised to the 
steging by a liftand tackle, as in Fig. 524, where two iron mot 
plates are sean being thus 1rised. To provent oscillation rT. 
the staying is made fast to the cylinder after exch shift. 

The friction between cylinders and the soil depends 
on the nature of the soil and the depth of sinking. For 
cast iron sliding through gravel, the co-efficient of frio- 
tion is stated by Gaudard to be between 2 and 3 tons on the 
sq. yd. for small depths, and reaches 4 or 5 tons where 
the depth is between 20 and 30 ft. In certain adhesive 
suils 16 would be more. In smbking the brick and con- 
erete cylinders in the silt of the Clyde, it was found tu 
amount to about 34 tons a sq. yd. 

In applying cylinder foundations, it is important to 
know the amount of frictional resistance in various strata 
and at different depths, in order to determine the load 
necessary to overcome this resistance, or to determine the 
depth to which a pier must be sunk to curry the load. 
According to A. Schmoll's experience, not only the nature 
of the soil but also the shape of the column influencs 
the frictional resistance, the latter being smaller for cast- 
iron cylinders and rectangular caissons than for caissuns 
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of an oblong scetion. The details given in Table I. relat: oe oh 

to the application of cast-iron cylinders, or of wrought- Foye to 

iron riveted cuissons with vertical sides and with casings nae ae Sh 

reaching above the water-level, for strata which form the AAS en 

bed of the Seine, Rhine, and Danube. In determining the e's, vith 

frictional resistance, the following conditions must be is re fe fk 
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observed ;—The tube or caisson must be vertical. 11 must ae 
be free on all sides, neither attached to the guide chains 





. 
. 
v 
~ 
ee. 






nor resting upon its lower edge, but only kept in equi- Waar, 
librium by its weight, by the friction on its circumft r- ea tse Pe 
ence, and by the internal air pres.ure. Je Lies 
To obtain these conditions, the total weight of the ht 
eylinder must be 1css than the frictional resistance plus sie a 





the weight of the displaccd water; or else sinking takes 
place without air being let off, and without the cutting ; 
edge being undermined. If these conditions be fulfilled, the wir pressure shown by a gauge is 
recorded, the safety valve opened, and after the sinking motion of the caisson has begun, the 
air pressure is again observed and the valve rapidly closed. The beginning of the motion indicates 
that the effective air pressure, together with the friction at the circumference of the caisson, have 
become slightly smaller than the total weight of the cylinder. 

As coeiticients of friction rclating to materials and surfaces which occur in cylinder founda- 
tions were unknown, A. Schmoll determined tle fullowing by direct experiment with a 


dynamometer. 
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TaBLe I.—F'RI0TIONAL REsIstances OF PHEUMATIO FOUNDATIONS. 














Coefficients of Friction. 
Description of Matera, ogee). Dae | eee | ee 
For Dry Matenals. For Wet Materials. 

ae ean me arse on gravel mixed 0°4015 0°4588 03348 0°4409 
Sheet iron with rivets on gravel and sand 0°3965 0°4911 0°4677 0°5481 
Onast iron unplaned 5 - 0°38677 0°4668 0:3646 0°4963 
Granite roughly worked _,, + 0°4266 0°5368 0°4104 0°4800 
Pine sawn ms - 0:4088 0°5109 0°4106 0°4985 
Sheet iron without rivets on sand .. .. 0°5361 0°6318 0°3655 0°3247 
» with yee we | 087269 0°8391 0°5156 0:4977 

Cast iron unplaned _,, a er 0:5636 0°6063 0°4744 0°3796 
Granite roughly worked *s at . Oe 0°6473 0-7000 0°4728 0°529] 
Pine sawn - fe. ae 0° 6633 0°7340 0°5787 0°4793 





Each figuro is the average result of at least ten experiments. All materials drawn horizontally 
over the gravel or sand; the latter was bedded as solid as it is likely to be in its natural position. 
Tho riveted sheet iron contamed twenty-five rivets on a surface of 4°22 aq. ft., the rivet heads 
were half round and of 13 in, diameter. 

The results of trials in sinking caissons as conducted by Schmoll show clearly that, in homo- 
aaa strata, the resistance on each unit of frictional surface decreases with the mcreasing 

epth. Fromm this it is to be concluded that the density and cohesion of these strata augment with 
oor depth, and therefore the pressure upon tho sides of the column becomes less than in the 
upper strata. 

Passing on to the consideiation of the pnoumatic systems, the process of Dr. Potts was ono of 
tho first employed for sinking tubular toundations by the help of air. The cylinder in process of 
being sunk was connected with a vessel, Fig. 525, in which a vacuum was produced, and a com- 
munication betwoon them being suddenly made, a shock was 
produced by the rush of air. The only advantage in the 
to was using air for applying ao downward pressure on 
the cylinder, os dredging had sti) to be resorted to for 10- 
moving the earth from the inside, and morcover, there was a 
considerable influx of the surrounding soil, and frequent 
divergences from the perpendicular Tho difficultics of the 
Potts process incrcaso with the size of the cylinder, and for 
sinking the cylinders, 10 ft in diamcter, of the Shannon 
Bridge, it was abandoned after an unsucccasful attempt. 

The vacuum barge system was employed in the Tay Bridge 
foundations by Reoves and Beattie. In this a seres of pumps 
diaw tho sand through the centre of the cylinders with great 
rapidity and case, the cylinders sinking by thcir own weight 
as the sand is removed. Upon a barge or lighter four 
cylindrical wrought-iron receivers aro fixed, cach about 5 ft. 
in diameter, to which are connected ait pumps for « Ahaustin, 
and the ongines required to work thom, The bottom of cach 
receiver ia fitted with a trap-door opening outwards over a 
hopper, and to the top is attached a flexible tube, which ex- 
tends ovor the side and to the bottom of the hollow picr. 
As soon’as the cylinder is sunk to the bed of the river, this bargo is placed alongside it, and the 
flexible hose being directed by divers, inside tho picr, the receivers are exhausted by the air pumps, 
and tho sand and wator rush up the cylinders to fill the vacuum. As soon as one recejver 18 
full, the turn of a handlo opens another, and the sume process is repeated, the air pumps being 
kopt constantly at work. A smull air valve destroys the vacuum in the charged vessel, and the 
fall of the trap-door liberates the sand, which falls into tho river again, but outside the pier instead 
of inside. By the adoption of tour receivers constant working was secured, and the rate of sinking 
was rapid. The general dimensions of the sand pumps are; diameter of cylinder, 7 1. ; stroke, 
12 in.; diameter of air cylinder, 12 in.; stroke, 12 in.; stcam, 50 lb. Each tank holds 60 cub. ft., 
and it takes from one to three minutes to fill one tank, according to the depth. 

Tho method of compressed air for enabling operations to be conducted under water, introduced 
by Triger, is merely a modification of the diving bell. 

Theoretically, when the lower edge of the cylinder has reached a depth of 4 ft., the pressure 


required for driving the water out of the excavations is saz atmospheres; but frequently the 


intervention of the ground between the bottom of the river and the excavation, enables the work to 
be carried on at a leas pressure. <A considerably greater pressure would be required if water had to 
be furced from the excavation through the soil below tho river bed; but this is avoidod by placing a 


525. 
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pipe inside to convey away the water, and Triger found that tho lifting of the water was facilitated 
y the introduction of bubbles of aur into the pipe at a certain height 

res of two or even up to three atmospheres do not mjure healthy and aober men, and suit 
best men of a lymphatic temperament, but prove injurious to men who are plethone, or have heart 
disease It 1s advisable to avoid working 1n hot weather more than four hours a day, or six weeks 
consecutively From experiments on animals Bart has found that the acoidents caused by a 
sudden removal of pressure, are due to the escape of the exccas of absorbed by the blood, and 
the usual rule now is to allow one minute an atmosphere The cylinders subjected to pressure, 
should be furnwhed with safety valves, pressure gaugcs, and alarm whistles, as explosions occa- 
sionally occur. 

Iron mngs from 6 ft to 18 ft in diameter are cast in one piece, and a caout: houc washer intro- 
duced at the joints between the mngs, cylinders of larger diameters arc cast in segments, and 
cylinders of smaller diameter than 6 ft are rarely used ‘Tho thickness 1s usually 1} 1n , increased 
to lj or 1t 1m where exposed to blows, 1n conical joining sheer and in the bottom length 

en two cylinders have to be sunk close together, it 1s best to sink them alternately as they 
tend to come together when sunk at the same time Svumetimes where oylindors of small diamoter 
have to be used, the excavations are extended beyond the cylinder at tho bottom, and filled with 
concrete to give a greater bearing surface, another way of accomplishing the sume object is to 
enlarge the lower mogs of the cylinder, and put in a connecting conical Iength 

The cylinders at Bordeaux wore forced down by strong beams of wrought iron, moved up or 
down by the pistons of four hydraulic presses, having 11 ft length of stroko and oxcrting o prossuro 
of 60 to 70 tons at Argenteuil, where cylinders 12 ft m diameter had to bo sunk, tho conon ting 
inside was carried on during tho sinking, leaving only a cucular shaft in tho centre 3 ft 71n in 
diameter, lined with wooden framing, and onlarge d at the bottom to a conical shape, by a sort of cage 
of inchned beams butting against the bottom of the shaft, igs 526,527 The cylinders were sunk 
on the average 50 ft below low-water Ic vel, throuzh mud, sand, gravel, and clay, on to marl or 
limestone, and foun screw-ja ke of 20 tons power, supported the bottom ring by means of flat uon 
straps After the sinking was completed, the chamber at the bottom was filed with ocment 
concrete, poured around iron pipes placed noar the si les, so as to maintain the air during the 
operation When this layer of coucrete was set the pipes were closed with cemcnt, the normal 
pressure restored and the shaft filled up with conercte Conca te deposited under comprcssed au 
appe irs t) set quickc1, and to mcrease somewhat 1n strength, provided if 1s deposited in thin layers 
allowmg the exccss of wate to escape, which may be cflected by mixing vory dry bricks wath tho 
concrcte 
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The foundations of the picre at the Kch] Pridgce were accomplished by Fleur Saint Dc nis and 
Vuizner, by a combmation of the principles of the compre seed air procs as, the sinking of a pier by 
its own weight, the sinking by dredging, and the cofferdam systim, Figs 528 to 580 As tho bid 
of the Rhine, at Keb], consists of large masses of gravel, lable to be disturbed to 55 ft below low- 
water level the foundations were carried down about 70 ft For the two centre piers the chambcr 
of excavation was divided mto three caissons, the length of each being 18 ft 4 1n, the width of the 
foundation For the pitrs forming the abutments for the swin,z bridges there were four caigsona, 
each 23 ft long, the brendth of all the caixeuona being 19 ft The plite iron forming the catssons 
was 2 1n thick at the top, and in thick at the sides, and strengthcned by flang: s and gussets 
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The top was strengthened by double T beams for supporting the weight of the masonry above. 
There were three shufts to each caisson, two being air shafts 3} ft. in diameter, one being in use 
whilst the other was being lengthened or repaired ; the other shaft in the centre was oval, open at 
the top and dipping into the water in the foundations at the bottom, so that the water could rise in 
it to the level of the river. In this shaft a vertical dredger with buckets was always working, and 
the labourers had only to dig, tu regulate the work sad remove any obstacles. The screw-jacks 
contiolling the rate of descent had a power of 15 tons, and were in four pairs. The wooden framing 
serving aa a cofferdam was erected above the chamber of excavation; it was useful at the com- 
mencemeut for getting below the water, but might subsequently have been dispensed with. It was 
also found that the caissons were sunk better in one division than in several divisions, and doors of 
communication were accordingly made thiough the double partitions. ‘The iron linings to the air 
shafts were removed before the shaft was filled up. The shaft containing the dredger was at first 
mudo of iron, but afterwards of brick for the sake of economy. The sinking Nig Sy sixty-eight 
re for one abutment, and thirty-two urls fur the other, giving a daily rate of 1 ft. 1 in. and 
1 ft. 8) in. respectively. The sinking of the caissons for the intermediate piers took twenty to 
mal days, which gives a daily rate of 2 ft. 7} in. 

or large works, where the loud on the fuundations is considerable, carrying down the founda- 
tions to a hard bottom is much better than pilmg The dredger used at Kehl cannot be regarded 
as universally applicable. Some soils are not suituble for dredging, and in other cases the small 
amount of excuvation renders the addition of an extia shaft inexpedient. The chamber of exca- 
vation is almost invanably made of plate ron, but unlike those at Kehl, with the iron beams above 
the cuiling instead of below, so that the filling in could be accomplished more easily. The cutting 
edge is always strengthen d by additional plates. At Loriont the th ckness was 2; in., with 
several plates stepped back so as to form a sort of edge; the sides were about } in. thick at the 
bottom, and $; iu. at the top, and tho roof was curved a little to increase its strength. At Vichy 
the plites were about } 1m. thick. At La Voulta, Hollandsch Dicp, and Lucerne, a sort of masonry 
lining was placed against the iron plates, and kept in place by gusset plates, to afford greater 
rigidity against the pressure of the earth. At St Maurice, wooden struts were put in at the base 
ot the caisson, and also halfway up to support the sides. In consequence of these modifications, 
tle caisson at Lucerne, 553 ft. by 182 ft., weizhed only 28 tons; the caisson at St Maurice, 323 ft. 
by 14} ft, weighed 14 tons; whereas at Kebl, a cuisson 23 ft. by 19 ft. weighed 34 tons, at Lorient, 
304 ft. by 11} ft. weighed 273 tons, and at Riga, 64} ft. by 16 ft. woighed 454 tons. The hight 
of the ché@abcr of excavation should be about 8 ft. 10 in, Frequently the coffirdam casing 18 of 
iron, which protects the nowly built masomiy from friction ; and tho upper portion of the cusing 
can bo removed. At Loricnt there were two air locks, Figs. 531, 582, each connected with two 
phafts, im which balanced skips went up and down. 
On the top of the bottom caisson a casing of sheet 
ion, from 4%; to } in. thick, and weighing about 15 
tons, was erccted in successive rings. 

The Americans huve adopt d the pneumatic system 
for some largo works and intioduced improvements. 
At the St Louw Biidge the foundations were cairied 
to a greater depth than had been previously attained ; 
and at the Nast River Bridge, New York, compressed 
mir was nsed in wouden caissons of large dimensiones. 
The section, fig. 533, shows the infenor of the 
caisson intho St Louis Bridge, with the main cntranuce 
shatt, the air-chambcer, and working purts of one of 
the pumps ee for excavating the sand. AA 
are the air locks, B B the air chamber, C C the timber 
girders, D tho discharge or sand pump, GG the s.de 
shafts, H the wrought-iron casing, II timber biacing 
The chamber is divided into three equal parts by 
timber beams CC, running in a direction at right 
angles to that of the iron gi:ders above the roof. 
Insit pieces of plate iron are connectcd to these 
beams at intervals, to stiffen and support the roof. 
Tho bottom of the caisson piojocts a couple of feet 
below the timber beams and sills, so us to torm @ cut- 632 
ting edge. ; 

The sand was foreod up by a pressure of wator amounting to 150 Ib. the sq. in. One pump, 
having a boro of 3} 1n., lifted 20 cub. yds. to a height of 125 ft. an hour. The masonry mside, Fig. 
533, was built up os the caissun sank upon the aur chamber, When the rock was reached, the 
shafts and the air chamber Lelow were fille’ with concrete, and thus becoming one solid mass, 
constituted the real foundution or bugis of the permanent structure. The caisson, H H, of plate 
iron 3 in. in thickness, was removed to be used aguin as required. 

Fig. 584 represents the plant eraployed in laying the masonry and sinking the caisson. A A are 
the deck irons on the pontoons BB, tr hydraulic jacks for raising materials, K wire cable for 
supporting travelling purchases, MM shatts for startmg and stopping the same, NN valve 
hydraulic jacks for raising and lowermg materials, O air pumps and CoE nes, Q hose for sup- 
plying air, 8S screws fur keeping the caisson level before reaching the sand, W W guide piles for 
caivson X, ZZ trusscs for guide piles. It will be seen that a numbcr of wrought-iron piles, about 
3 ft. Gin. diameter, ale arrnuged iound the caisson, and that these carry upon the framework they 
support a set of screws, each 25 ft. long, for maintaining the level of the caisson until the sind is 
reached. On the outside of the guide-piles are placed two pontoons, carrying double jibe, which 
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project on one side over the flats bringing the material, and on the other, meeting over the centre 
of the caisson. Between these are stretched wire cables, 2}in. in diameter, upon which run 
travelling purchases, that have a capacity of 11 tons, and a range of 100 ft. These were worked 
by hydraulic machinery in the usual manner. 
he Brooklyn pier was to be carried 50 ft., and the New York pier 75 ft. below high water. To 
provide ie unequal sinking, owing to the variable nature of the soil, consisting of stiff cla 
mixed with blocks of trap rock, rN decided’ to pani the bottom of the piers ig a4) a thio 
latform of timber, forming the rouf of the working chamber, of which Fig. 535 is a half section. 
he sides were algo made of wood, as being easier than 
iron to launch and deposit on the exact site. The roof 555. 
consisted of five tiers of beams, 1 ft. deep, of yellow 
ine, pladed one above the other and ¢rossed, the 8 
ing lightly connected by long bolts. The working 
chamber was 167 x 102 ft., and 10 ft. clear height, 
The side walls had a Y section, with acast-iron edge 
covered with sheet iron; the walls had a batter inside 
outwards of one to one, and one in ten on the outside. 
Five transverse wooden partitions 2 ft. thick at the 
bottom, served to regulate the sinking. When tho 
caisson had been put in place, twelve tiers of beams 
were added on the roof of the chamber of the Brooklyn 
pier, and nineteen on that of the New York pier, so 
that the top rose above water, and the masonry could 
be built without a cofferdam lining. The excavation to the extent of 19,600 cub. yds. was per- 
formed in five months, by a scoop dredger, working in two large shafts, dipping into the water at 
the bottom and open above. When hard soil was met with, thc se shafts were shut, and the excava- 
tion performed by manual labour under compressed air. In the New York caisson the total number 
of shafts was nine. ‘The blocks of trap rock impeded the progress considerably; they had to be dis- 
covered by yoda, and shifted or broken before the caisson reached thom. When under 26 ft. of 
water they could be blown up; this cnabled the rate of progress, which had been 6 in. a week, to 
be doubled and trebled. When the caisson had reached a compact soil, it was possible to reduce 
the pressure to two-thirds of an atmosphcre in excess of the normal pressure, and water had 
occasionally to be poured into the open shafts to maintain the proper water level in them. By 
frequent renewal of the air, a supply was furnished for 120 men, and for the lights; and the 
temperature was kept nearly constant throughout the year at 86° within the caisson, while in the 
open air it varied from 108° to 0%. As the load increased as the caisson went down, the roof of the 
rooklyn caisson was cventually supported by seventy-two brick picrs, so that the caisson might 
not become deeply embedded in the event of a sudden escupe of air. In the New York caisson 
two a poet rom partitions were added, which served the same purpose. 

In the silty sand that was frequently met with, 9 discharge pipo, up which the sand was 
forced by compressed air, proved very useful, discharging a cub. yd. in about two minutes. The 
New York caisson, 170 ft. x 102 ft., was sunk in five months ; the earthwork removed amounted to 
26,000 cub. yds. The cheapness of wood in America permits a much freer use of it thcre than 
could be attempted in Ewope. ; sates 

When the water-tight nature of the lower soil in the foundations of the East River Bridge is 
consid: red, coupled with the inconveniences experienced in working under compressed aur, it 
secms probable that in some future large work it may be possible to commence S56 
sinking a large caisson with compressed air, and after a better stratum is ; 
reached open all the shafts. The operation could then becompleted by pumping ,,,._ ,,, 
out the small amount of water that might come in, and excavating in the 
ordinary way, as is often done in England, on a small scale, where the « xcavation 
to sink the cylinders to a water-tight stratum is performed by divers. If, as 
Moranditre suggested, the air-lock was placed close over the working chamber, 
or even inside it, which would save constant alterations and allow of its being 
of larger dimensions, it would be desirable to have a special air-lock at the top, 
so that in the event of an accident the men might run up the shaft, without 
the delay occasioned by ing through the sir-lock. At Bordeaux the 
air-lock was formed by fixing one circular plate on the top, and the other 
at the bottom of one of the rings of the cast-iron cylinder, so that it was 
unnecessary to remove it each time that an additional ring was added. To save 
loss of air, tho air-look should be opened very seldom, or made very small if 
required to be opened often. At Argenteuil the air-lock, Fig. 527, had an 
annular form with two compartments cc’, each having an external and an & 
internal door. One compartment was put in communication with the interior 
to be filled with the excavated material whilst the other was being emptied 
by the outer door, eo that the loas of air was diminished without any interru 537. 
tion to the work. Sometimes a double air-lock with one large and one am 
compartment is used; the large one being only opened to let gangs of workmen pass, and 
the amall one just big enough to admit a skip and to contain a small crane for moving it. B 
having a amall air-lock opened frequently, any sudden alterations in pressure are diminished. 

complete arrangement was ado at Nantes, Figs. 536,587. There a short iron cylinder 

on the top of the double t in which the skips worked, having at one side a crescent- 

shaped chamber a, serving to pass four men, and aleo on either side two concrete receivers dd, 
having doors above and below. There was a shoot below for turning the concrete into the 
foundations, and a box $c, holding a amall truck which cmergea at c, after ltaving been filled 
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from an upper door 6. This last contrivance resembles that devised at Vichy, by Moreaux, Fig. 538. 
The cast iron box LN going acrves a segment of the air-chamber, has three orifices L MN, and a 
drawer, with two vier aabrrionlge slides in it. If these compartments are at M and N, the left one 
at M ia filled, while the other at N isemptied. Then, by a rack movement, the drawer ig pushed 
back till the compartment to the right comes to the centre of the box, that is 

to aay, into the air lock, and the other is emptied outside at L. At Rotterdam bss, 
Michaelis put a small inclined trough at the bottom of the principal air- 

lock, and closed it at each extremity by a valve, so that it both formed a little 

independent air-lock, and alsoa shoot for the excavation. Smith employed 

the sume system at the Omaha Bridge over the Misaouri. By not permitting 7 M N 
the earthwork to enter the principal air-lock, it was possible to keep six 

glazed bull’s eyes clean, by which both daylight was admitted and at night the light was thrown 
from a reflector. The use of lamps inside, smoking and giving a bad light, was done away with. 

A. 8. von Eisenwerth conducted some experiments to ascertain the amount of air actually 
required, for sinking wrought-iron caisson foundations by the pneumatic method. A rough rule, 
determined by practice, is that for a caisson having an area not exceeding 800 e4- ft., a blower 
capable of delivering about 12,000 cub. ft. of air an hour was sufficient The old practice is to 
estimate the number of workmen and tlie number of candles employed inside the caisson, to reckon 
220 cub. ft. a workman, and 11 cub. ft. a candle each hour, doubling the total to allow for loss. 
However, only 17 to 40 oi cent. of the air pumped in for the benefit of workmen actually reaches 
them, and the loss by leakage determines the supply. The leakage through the air-pipes, air- 
lock, and shaft is small in comparison with that through the walls of the caisson, and 1s stopped 
to a considerable extent by plastering the joints on the inside with clay. In Eisonwerth’s 
experiments the roof of the caisson, covercd with a layer of cement, and a thick mass of concrete, 
was practically uir-tight, except at its edgos, where it joined on to the vertical sides. Tho leakage 
Hedin theso sides, in spite of the masonry lining, was by far tho most important. It was found 
that during the first expulsion of the water from the cuison, tho leakage through tho sides alone 
caused a logs oqual to 20 to 33 per cont. of the air thvorctically required. The loss observed in 
various experiments, during the expulsion of the water, appears to be about 9°487 cub. ft. a aq. ft. 
of wall-surface in cach working hour. The loss of air while the cais-on was being sunk by 
excavation inside, varied between 9°843 and 17°225 cub. ft. a sq. ft. of side arca an hour, 
according to the workmanship of the caisson and the nature of the souk In coarse gravel and clay 
the loss was decidedly less than in fine gravel and sand, being on an average about 141°26 cub. ft. 
in the firet case, and 153 cub, ft. in the second, for a medium depth of about 23 ft. Whore the 
calssons are small, the relative loss is greater, because the blower pumps moro air than is necessary, 
and part, therefore, escapes under the hottom edgo; in this case, by an arrangement of valves, two 
caissons can be sunk together with the same blowing engme. As might bo expected, the loas of 
air increases with the mecreasing depth of the caisson under water, tho avorage increaso being 
apparcntly about 10°76 cub. ft a foot. Gencrally the result is shown that in caisson foundations 
the proportion of air used for passing the materials and workmen through the air-lock, and for 
keeping the caisson full of air agzainst the increasing pressure as it deaconds, is only 1 per cent. of 
the whole, the other 99 per ocnt. being lost either through leakage or escape trom the bottom. 

Tubular foundations are the most effectual means at the disposal of engineers for carrying 
foundations to great depths below water. Economical considerations render it desirable to adopt 
pumping or dredging when possible; but compressed air is very serviceable where boulders or 
other obstacles are met with, or where the ground is conglomerated and unsuitable for dredging. 
In cases where the proper course to be adopted is a matter of doubt, the success at the Gorai Bridge, 
and the power of resorting to the aid of divers if nccessary, would encourage an attcmpt being 
made to dispense with compressed air, which at great depths, such as 100 ft. uuder water, is 
attended with danger. The Tet Bridge, morcover, furniwhes an example of the pcssibility of re- 
sorting at last to compressed air if found indispensable. 

In soft oa of unknown depth the best methods for making foundations aro those alr: ady 
described ; but it is sometimes advisable in small works to adopt more economical methods. Two 
distinct cases have to be considered. Where the soil is firm, but liable to be scoured to great 
depths; Where the soil is soft as well as exposed to considerable scour. 

Régemortes, at Moulins, renounced the idea of finding a stable foundation far down, and built on 
the surface, rendering it secure from scour by covering it with a masonry apron. The apron, 
Fig. 539, having a uniform thickness of 6 ft. was laid on the dredgcd and levelled bed, dried by 
diverting the stream, or in some places, by inclosing it with timber and pumping out the water. 
The infiltration through the bottum was stopped by depositing a layer of clay all over, and then 
lowering caulked timber panels in it. This method bea owever, been much simplified by the intro- 
duction of hydraulic concrete. Another form of apron, Figs 540, 541, was adopted at the Ain Bridge 
with a single row of sheeting at each end, 26} ft. from the facing of the bridge at the lower, and 
11} ft, at the upper end. The lower or down-stream ends of the von were always the most secured 
against scour, in the belief that a cavity would be furmed below by the scouring away of the sand, 
but that above the currents would bring down sand and fill any hollows that might have been 
scoured out. The investigations however of Minard and Marchal] indicated that the upper cnd of 
the apron is most ex to scour and requires most protection, as the river-bed close to the lower 
end is protected by the apron, whereas at the upper end the river-bed is expoted to the full force of 
the current where obstructions of the piers produce whirlpvols. 

In certain instances the movable bid of a river has been sufficiently consolidated at the site of 
a work by merely a thick layer of rubble stunes thrown in, giving time for the stones to take their 
final set nt on floods. Lastly, a movable bed can be consolidated by a wooden stockade. 

The second pase of a soil, both soft and liable to scour, has next to be considered, Where con- 
siderations of expense forbid going down to the solid, the following methods have been ri dai i_- 
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The ground is sometimes consolidated by driving a number of piles close together, or by covering 
it with rubble stones, with or without fascine work, so as to form a kind of superficial crust capable 
of bearing the structure. It is, however, generally advisable to break through the superficial stra- 
tum, and to produce a compression extending down a considerable depth by a large weight of earth, 

Another method is to increase the bea surface at the base by large footings, or by timber 
platforms, layers of concrete, bedding courses of masonry, or rubble stone. 


540, 








The weight of the superstructure can be diminished by forming hollow cells in the masonry, or 
by using iron girders instead of stone arches, In heterogeneous strata, the weight must be dis- 
tributed as much as possible in proportion to the bearing power at different points. It is advisable 
sometimes to enclose the site of the foundations with sheeting, walls, or the like, not only as a pro- 
tection against scour, but also to prevent the running in of the soil from the sides when a weight 
is brought on it. 

Stone and Brick Bridyes.—These have already been very fully treated, particularly with reference 
to the subject of skew arches. Thero are, however, several practical points of importance in con- 
nection with bridges of these materials which are deserving of notice. When stone is used it is 
chiefly for architectural effect and not economy. In former times cementing material was very 
inferior, and for stability it was desirable to have voussoirs in one piece; evcn now small bridges 
in the Highlands are so built without mortar of any kind. But at present the cement is as good 
as the stone, and it matters nothing how many pieces the arch wing is built up of, whether of a 
multitude of bricks, or a still greater multitude of particles of stone and cement in the form of con- 
crete. The arch may be regarded in either case as a monolith, and the only conditions necessary 
to ensure stability are, that the curve of equilibrium shall fall within the thickness of the arch ring, 
to a sufficient extent to limit the pressure to the proper working strength of the material, which may 
be taken at 8 tons a aq. ft., for good ordinary stock brickwork. 

The largest stone bridge ever erected is the Grosvenor Bridge, crossing the Dee, near Chester. 
It has one clear span of 200 ft., its rise being 42 ft. The manner in which this arch was keyed 
in is worthy of remark. The courses contiguous to it being set, three thin strips of lead were 
first hung down on each side of the stones, between which the keystones were to be inserted. 
The keystones were then smeared with a thin greasy putty, composed of a mixture of white-lead 
and oil, and were driven home with a small pile engine. The object of the lead was to prevent the 
surface of the stones ting; it acted, in fact, as a kind of slide. In striking the centres, 

articular care was taken to keep the crown up and let the haunches come down. The Pont 
t. Maxence, blown up by Allies in 1814, is worthy of notice, as being perhaps the flattest stone 
arch, namely, 3 ns of 72 ft. arches with 5 ft. rise only and 3 ft. 9 in. voussoirs. 

The reliable character of concrete ex to compressive strains, is shown by the experimental 
bridge of concrete which was erected by Fowler, over one of the cuttings of the Metropolitan Rail way, 
London, Fig. 542. It was an arch of 75 ft. span, 12 ft. wide, and 7 ft. 6 in. rise in the centre, where 
the concrete was 8 ft. 6 in. in thickness, increasing towards 
the transomes, which abutted upon concrete skewbacks, 
The material of which the bridge was made was formed of 
gravel and Portland cement in the proportions of 6 to 1, 
carefully laid in mass upon close boarding set upon the center- 
ing, and enclosed at the sides. The amount of concrete em- 
ployed in the bridge was about 4800 oub. ft., so that the 
weight of the structure was some 800 tons. The centre of 

vity in the a eten being 16 ft. 6 in. from the abutment, 

e weight of the half-span 150 tons, and the rise of the arch 

7 ft. 6 fn the thrust at the crown was equal to 830 tons. A sectional area of 42 aq. ft. was 
available to resiet the thrust which equalled 7 tons 17 owt. a aq. ft. The additional strain a ft. 
run for every ton of distributed load was equal to 2} tons a aq. ft., maximum strain for a rolli 
load 3} tons a aq. ft. with the load at gths of the span. This bridge upon test carried a dead } 
including ballast and anent way, of 12-25 tons, and 8 rolling load of 2-8 tons, or a total strain 
of 15 tons 2 owt. on the aq. ft., without failure or distress, From this, it is fair ¢o aysume that 
a well-built concrete arch is as strong as one of brick, but at tho same time the useleesness of 
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inferior concrete work was shown by the previous failure of a conorete bridge of bad materials at 
the same place, which failed to carry even its own load. 
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On the continent of Europe many bridges have been built either of concrete in mass, or of 


locks set as masonry. ; 
Figs. 543 to 548 are an orthographic projection, of an ordinary stone or brick bridge on the 
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. square, over a railway in which the line is in cutting, Fig. 548 is an elevation; Fig. 546, 
plan above foundation footings; Fig. 547, plan of the under string-course; Figs. 544 and 545, 
sections at AB and BF respectively of Fig. 546; Fig. 548, section at OD, Fig. 547. If the 
cutting is very deep, so as to require a corresponding increase in the height of wing wall, Fig. 544, 
relieving arches are sometimes turned. There is, however, nothing gained by this arrangement, 
except perhaps in appearance, because although a certain amount is saved in the wing walls, it ia 
more than compensated for by the began in the arch and the expense of centering and superior 
workmanship. The thickness of the wing walls is comparatively small, and the space between 
each pair viewed in the cross section of the plan of the bridge, Fig. 547, is filled with any material 
suitable for the purpose. When a relieving arch is turned in the wing wall, it must extend the 
whole length of this space; and except the cutting is sufficiently deep to allow of a semicircular 
arch, there is no economy in piercing the wing walle in this manner. The length of the wing 
walls depends upon the distance between two lines, representing the levels of the eae and lower 
roads, respectively. Should the bridge be wholly in cutting, the slope will extend from one of 
these to the other. Frequently, however, this is not the case, and the road has to be raised to 
some extent, as in Fig. 543. It is then usual to leave a small offset, or bench, at the point where 
the slope of the cutting intersects the surface of the ground, when the road is raised, in order to 
prevent the made earth from tailing down the slope of the cutting. The dotted lines in the 
elevation Fig. 543 show the position of the steps or offsets of the wings, counterforts, and abutments. 
Puddle, or asphalte, laid on the brickwork, Fig. 548, supports the road. When clay of proper 
quelity can be procured, and if the work is well done, the puddle answers well. The walls of 
bridges are often backed with dry lining, consisting of small stones or broken brick, about 6 in. in 
thickness. This acts in the same capacity as drain pipes, or weeping holes. 

Figs. 549 to 554 represent a working drawing of a skew bridge in embankment, Fig. 549 is 

an elevation; Fig. 550, transverse section in square; Fig. 551, plan of superstructure ; Fig. 552, 
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section of abutment on square; Fig. 553, plan of foundations; Fig. 554, section of wing wall. The 
‘different lengths and disposition of the wing walls prevent the bridge being symmetrical about its 
centre line, although the dimensions on the square are the same in both halves. Fig. 553 clearly 
“Yicates the effect of skew in increasing the general dimensions, and consequently the cubical con- 
TT ts of the whole structure. Working drawings upon a large scale are required for obtaining the 
K velopment of the extrados and intradoa, the courses or coursing joints, and their inter- 
‘tion with the face line of the arch. When the length of the soffit of an arch on the akew is con- 
{ierable, it is not uncommon to build the central portion on the square, and limit the skew part to 
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the ends in the vicinity of the face line. If the junction of the skew with the aquare portion is well 
made, there is no practical objection to this method. 

Abutments, Wing Walls, and Counterforts.—'These portions of a bridge serve to support the pressure 
of the earth as well as to carry their share of the load, whether it be of the nature of a thrust or 
simply that of a vertical weight. The two working drawings, Figs. 543 to 548 and 549 to 554, fully 
explain the manner in which they act, and the useful purpose they accomplish. The methods of 
calculating their strength as retaining walls, when they reach dimensions of importance, will be 
found in the articles Retaining Walls, Ounstruction, Waterworks. With the exception of the 
dressed work, such as string-course, quoins, caps, and copings, these parts of a bridge are gencrally 
Sa of ne same description of work, a distinction being made between face work and the backing 
of the walls. 

Iron ieee mem ee there are numerous instances in which iron, both cast and 
wrought, is the material used for the piers or intermediate supports of bridges, the examples are by 
no means 80 common in which it is also employed for the terminal supports or abutments. It 
might appear, at first sight, that if the nature of the foundations rendered it advisable to adopt 
iron in the piers, the same conditions would dictate the use of iron in the abutments. But this is 
not always the case. In the first place, the character of the substratum in a tolorably wido rivor 
often differs at different parts of the transverse scction, and it is seldom that both abutments aro 
founded at exactly the same level. There is a notable differenco in tho naturo of the ground on 
the Surrey and Middlesex shores of the Thames, for example, and a dam that would fully answer 
its purpose on the one might not always be sufficiently strong on the other. This fact was well 
shown during the construction of that portion of the Northern cmbankment near Blackfriars 
Bridge. <A serious blow occurred in the dam, and yet this dam was almost identical in design 
to that which was employed during the building of the river wall from Westminster to Vauxhall, 
on the Surrey side of the Thames. On geological grounds alone, therefore, brickwoik or 
masonry might bo well adapted for tho abutments of a bridge, and yet bo superseded by iron, 
with advantage, in the more central and deeper parts of the stream. It is not, however, until we 
come to regard the different duties a pier and an abutment have to perform, which necessitate a 
diversity in constructive detail, that the real roason of the general unsuitability of iron for 
abutments becomes manifest; although there are many situations, as we shall point out, in which 
they may be employed to advantage. The sole duty that a pe has to perform, so far as relutes 
to the bridge itself, is to bear the direct vertical pressure of so much of tho superstructure as 
fulls to its share. There are no doubt in many instances other forces in operation which try its 
stability and strength, such as the velocity of a marine or river current, the impact of ice, or the 
concussions of floating bodies, but these are beside our subject. It is otherwise with an abutment. 
In addition to bearing its own share of the direct weight of the superstructure, it has to act asa 
retaining wall. It will be understood that at present we aro speaking of those forms of bridges 
which exert no thrust against cither the piers or abutments. As overy bridge muat have an 
approach to it, which is most a baer of earth, it is the necessity of making the abutment support 
this that givos masonry or brickwork a general superiority over both cast and wrought iron. 
In many cascs, however, it is convenient and cconomical to dispense with abutments and wing 
walls altogether, and simply put in a support similar to the intermediate picrs, and allow the carth 
to assume the slope necessary for stability. 

So far we have only taken iuto consideration that portion of the end supports which may be 
termed the abutments proper, but this is seldom sufficient of itself to retain the whole cross-section 
of the approach. The retaining wall, regarded as a whole, comprises not mercly the central vertical 
part which carries the superstructure, but the side portions, or wings as well, which have no 
vertical loud to support, sce Figs. 543 to 548. It is in the wings that the chief diffleulty of em- 
ploying iron with economy occurs. In the abutment a certain degree of strength is required to carry 
the vertical load, and this amount can be simultancously utilized as a contribution to the total 
necessary for the retaining wall. On the other hand, the wings act simply as retaining walls, 
having no vertical weight to bear, and the question becomes reduced to one mvolying the relative 
economy of iron and masonry or brickwork. Except in examples such as armour plating, targets, 
and cnginccring works of a wailike character, the substitution of :ron for the oldor materials used 
in construction, will generally be found to be nearly equivulcnt to the substitution of the hollow 
for the solid form. Take the carliest, the cast-iron flanged girder. It is nothing else in form than 
a beam with the material cut away about the centre. The sume statement holds good for wrought- 
iron girders, and the hollow colwnn is only the stone pillar with its core oxtructed. It is not 
difficult to understand that a given amount of metal which would be able to support a given vertical 
weight would be quite inadequate to resist the same weight acting in a horizontal direction, or at 
an angle with the horizon. In the one case, supposing that there was no bending moment induced, 
the iron would only yield to a weight equal to ita crushing pressure; in the other, the resistunce it 
would give would depend upon tho direction of the strain it was subjected to, Iron wing-walls 
will therefore evidently consist of plates to which the requisite amount of stability will be imparted 
by tho addition of stays and bracing. 

In the case of the New Ross Bridge the abutments and wing walls consisted of cast-iron 
cylinders with cast-iron plates fitting in between thei, and a strong backing of concrete, which is 
equivalent to so much solid strutting or sips The rag of the cylinders and plates is 
analogous to that constituting the foundations of the piers of Westminster Bridge, if we substitute 
piles for cylinders, the whole piesa fe cast-iron frame and panelling. The relative economy 
of this method of construction, depends very much upon the difficulties that may result from the 
presence of water. To build a retaining wall on dry land of cast-iron framing and panelling, 
to support a 25-ft. embankment, would be scarcely an economical proceeding; but to employ 
the same design in 25 ft. depth of water is another matter. Asa rule it is certainly more expe- 

- ditious to cylinders under water, and drive down pancl plates between them, than to 
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construct a temporary dam and build a solid wall of masonry and brickwork behind it. But it 

is not always so. Omitting the contingent difficulties in dealing with water, the actual cost of 

the two systems will differ to some extent, and the balance will in great measure depend upon the 
ective conditions already mentioned. 

e question of durability must not be passed over, There are so many different opinions 
respecting the behaviour of cast and wrought iron, when exposed for some time to the action 
of either salt or fresh water, that no positive conclusion can be urrived at on the matter. Cast 
iron that has been ex to sea-water has been found so soft that it could be cut with a knife; 
and, on the other hand, it has stood comparatively uninjured for years in almost exactly similar 
situations. It is alleged in favour of ironwork, that when it does rust the very rust itself acts as 
a protection against the further action of the cause that produced it. This may to some extent be 
true, but it must not be forgotten that rust never quite protected iron yet. The durability of cast 
iron in the position under notice will be lessened if there is a tidal action at work, as the effect of 
alternate exposure to water and air is not confined solely to timber, but extends to metallic 
substances as well. 

A. design for cast-iron abutments for bridges as proposed by Handyside & Co., of Derby 
and London, for bridges in Buenos Ayres, is shown in Figs. 555 to 558. The circumstances 
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under which these bridgos were required were peculiar, and demanded a special kind of struc- 

ture. A vast extent of pampas of flat country was intersected by rivers, and the Govern- 

ment was desirous of improving the communication by erecting bridges, amounting to over a 

hundred, at all convenient ae nts. As the country has neither stone nor timber, and as 

even bricks are not easily made or procured in the new dis- 

trict, Handyside & Oo, proposed bridgos which should be com- 557. 

plete iron structures, with iron cart and with iron wing- 

walls and abutments, so as to be entirely independent of ordi- 

nary building materiale. The mid-channel piles are formed of 

iron screw-piles. The foundation soi] is of a calcareo-argil- © 

laceous character. As will be seen from Fig. 557, similar 
iles were proposed for the abutments, and to these piles are 

lted a series of cast-iron plates, forming a complete and 

side wings. Cast iron was preferred for this work rather than 

wrought iron, as being better adapted to resist the outward ae ae: 

thrust of the banks, and as also best suited to the alternate — PS be 

wet and dry condition at the different seasons of the year. 

The superstructure of the bridges is entirely of wrought iron, and is strong enough to carry the carts 

of the country, which have heavy loads on a small wheel base. 

The Figs. 559 to 568, represent a design, by H. N. Maynard for a oe of abutments of wrought 
iron. A considerable number of these structures have been succesefully erected abroad. These abut- 
ments can be made complete at the ironworks, taken to pieces for shipment, and put together sad 
the aid of boltain a very short time. The men who erect the girders can execute the werk, and so 
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the difficulties and delays connected with the construction of masonry abutments, in such countries 
as India, are effectually avoided. The abutment consists of five solid wrought-iron screw piles, 4} in. 
in diameter, Figs. 559 to 563, braced together on Maynard’s sleeve principle; the bracing being 
formed of wrought-iron arched | es serving as retaining walla, snd. connected to tho sleoves by 
means of bolts passing through flanges C formed on them. 

The outward thrust of the embankment, which is filled in 
between the wall of the abutment, is resisted by an 
arrangement of the rods D shown in Fig. 562. To facili- 
tate transmission, the retaining plates are made with 
horizontal joints E, at about 2 ft. 9 in apart, with anglo 
iron formmg flanges, by which they are connected to- 
gether with a few bolts. In erecting this abutment the 
ground is first levelled at the parts where the iron walls 
are to be placed, and the screws with their sleeves 
erected in position, as shown in the plan; the bracing 
or retaining wall plates are then attached, and the front 
or bearing piles R, Fig. 563, driven by means of a capstan 
to the required depth, the other or back piles, G, servo 
to anchor the plates in position, and are attached to 
sleeves by bolts passing through them, whilst the front 
row are cut off flush with the tops of the retaining pete 
and form a bearnmg for the bed of the girders. When 
long walls, such as those belonging to quays and water 
frontages, are built of either cast or wrought iron in 
the manner described, it is necessary at ce rtam intervals 
to have additional braces and tics, and to extond them 
farther back. This 1s to render the construction in some ; 
respect analogous to that of long stono or brick walls. 
Tho extra braces take the place of the buttrosses or 
counterforts, built at cc1tam intervals, either at the front ' 











or back of all long retaining walls, to prevent their becoming distorted and bulging out. Cast- 
iron walls, insomuch as the thickncss would be much greater than that of similar wrought-iron 
ones, would have more inherent stability in them than the latter. This can be readily compensated 
for by a propes arrangement of bracing in the thinner structure, As far as the relative cost is cun- 
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cerned, there would in many instances be little or no difference, as the greater amount of material 
in the one at a cheaper rate, would about equal the leeser amount at a larger price 1n the other. 
In mstances in which rapidity of construction 1s a primary consideration, this method of building 
retaining walls possesses many advantages 

Numerous sre the methods adopted by engineers and architects in forming roadways and 
footpaths over bridges, from the ordinary metalling and flagging, to boarding the whole area of the 
bridge over with inch boards, which 1s the method adopted in 
the Albert Bndge, as 1s shown 1m the section of that road- 


way 

In Fig 564 1s’represented a half cross section of the arch 
and roadway as usually arranged in stone or brick bridges In 
the present instance, the arch 1s supposed to be of stone, which 
1s shown alternately in section and end elevation, to point out 
that the coursing joints break joint. A very good form for the 
cross section of a roadway 1s to draw two ‘isos at a slope of 
one 1n thirty, meeting at the centre of the road, and join them 
for a distance of 6 ft by the are of a circle having a radius of 
90 ft, which will be practically flat, with just suffiuient slope 
to allow the water to run off. The footpaths should have a fall 
of $1n 10 the foot towards the side chanuela Where metalling 
is used 1¢ should be at least 6 in thick, and the depth from 
surfuce of road to masonry, should be sufficient to admit of 
small pipes being carried across the arch, large pipes are 
usually allowed to cut somewhat into the arch rings Granite 
& ts on concrcte, wood paving, and asphalte are, of course, 
available for bridges as for ordinary eagle and footpaths, 
and offer no special features A parapet 1s shown in Fig 564, 
which, by the r gulations of the of Trade, must be 4 ft in height in every bridge coming 
under their jurisdiction, 

bo soon as the horizontal girder became substituted for the arch, the arrangcment shown in 
As 565 was very generally omployed The cast-iron girdors G G are carried on bed stones 
B B, a layor of felt being placed between the top of the bed stones and the bottom flange of the 
girders It may be remarked hero, that the width necessary to be given to the bottom flange of 
the girdors, 1s very advantageous for the springings of the jack arches In fact, this principle 
of construction would be naturally suggested by the furm of the lower flange of the girders The 
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jack arches, which should not be less than 9 in in the depth of tho rings, are turned im the usual 
manner with plain mortar Thore is no necessity for mourring the cxpense of turning them 
in cement, as is sometimes done A layer of asphalte, shown by the thick black line, 1s spread 
uniformly over the «xtrados of the 1e8 The thichness of this layer need not cxcced ? in, 
provided it be curefully laid on 1n two separate coats of 31m each The haunching of the arches 
up to the level of the crown, which 1s on the same level as the tops of the cast-iron longitudinal 
girdors, may bo filled in with broken brich, or other good, dry rubbish. Over this 1s laid the 
metalling, tho depth of which should be about 9 in, and never less than6im The footpath m 
Fig, 505 18 supposed to be flagged with stone. The thickness of these may vary from 2 in to 
810 , but very often there 18 no cho ce 1n the matter, and shift must be made with the best that 
can be obtaincd in the neighbourhood. It will be observed that the outside wig diageerers girder 
G’, or face girder, as 1¢ is usually termed, is made only about half ae strong as the intermediate 
ones on account of 1ts having much loss weight to c The manner in which the thrust ot the 
jack arches is provided for deserves attention. The thrust of each. arch on one side of the lower 
part of the longitudinal girders 1s counteracted by that of its fellow on the other side, and this 
successive action and counteraction continues until we come to the arch, one springing of whiak 
bears against the inside of the face girder Here there is no arch on the other side to take the 
thrust, which 1s thus thrown altogether on the face girder The girder 1s, no doubt, strong 
enough to stand the thrust without any additional assistance, but in order to relieve 1t of tho 
strain, a tie-rod T's carried at intervals right across the bridge, and ties all the longitudinal 
girders together. It acta in precwely the same manner as if there was but one arch, and it con- 
stitutes the tie from the one springing to the other These ties may be placed at about every 
6 f% apart, and should be of good wrought-iron rod, not less than 13 m. m dymeter, This 
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cece: carried on jack arches is seldom used for large bridges, as the weight renders it 
unsuitable. 

There is, however, one example on a very extensive scale in Paris, It is the bridge at La Place 
de !’Europe, which carries the common junction of five main thoroughfares over a railway. Tho 
total area of roadway and footpaths extending over the bridge is about 8000 square yards, an extent 
of surface which is not often met with in structures over railways, if we except such cases as those 
in which stations are erected at a low level, and these seldom gised so much. In Fig. 566 
is represented a longitudinal section of a portion of the roadway of the bridge under notice. The 
cross girders OC are of wrought iron, with equal top and bottom flanges, instead of unequal 
flanges, as in the case of cast-iron girders, and aro spaced 6-56 ft. apart, from centre to centre. 
Between them are turned the jack arches A A, which are 9 in. 1n depth, and weigh, the foot run, 
0°145 ton. The peculiarity in these arches is that the bricks aro not solid, but hollow, ao that tho 
wrought-iron main girders are not loaded so heavily as the cast-iron examples which have been 
already described. There was clearly the desire on the part of the designer of the structure 
to diminish the weight of the roadway as much as possible, and keep its general style in accord- 
ance with that of the rest of the structure. The black lne in Fig. 566 shows the layer of asphalte, 
rather more than 4 in. in thickness, spread over the arches, The haunches are filled m with 
a description of thin concrete, which also extends over the crowns of the arches and the tops of the 
cross girders, This concrete weighs 0°108 ton a foot run, and over it is laid the metalling, 
which 18 1 ft, in depth, and weighs to the samo unit 0°356 ton. 
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Some arrangement is evidently required to take tho final thrust of the hollow brick arches 
supporting the roadway, as was explained in a former example, and the manner in which this is 
accomplished is very ingenious. It 1s manifest that although tho arches rest upon the cross 

irders, yet the thrust of each half-arch 18 resisted by that of its neighbour, acting in the opposite 
Aisin: This process of thrust and resistance 1s continued until we come to the last half-arch, which 
has no fellow to take its thrust This thrust is not taken by the abutment, but the last cross girder, upon 
which the arch rests, 18 tied " strong plate braces to the last cross girder but one, at the ne where 
it bears on the main girders, thus transferring the thrust to these points. As an additional precaution, 
the last two arehes are tied, the last by a solid plate diaphragm, and the last but one by a flat tio-rod, 
This arrangement makes the iron and brickwork to form one complete frame, so that if wo wero to 
imagine the whole superstructure lifted bodily from its support, it would still be self-contamod. 
If the thrust of the last hulf-arches were taken by the abutments, the effects of the expansion, by 
alteration of temperature, of the main girders would be accumulated on them, and the con- 
sequences might be serious. By the method adopted the total expansion is subdivided at every 
cross girder, and the effect upon each arch is inappreciable. For small examples of bridges the 

lain tie-rod answered well enough, but when the roadway reaches the dimensions ofthe bridge at 
Fa Place de l’Europe, a more scientific and complicated arrangement 18 necessary. The footpaths 
are snpported by small cross girders C C, shown in the hs a section, Fig. 567, and those in 
the centre part of the bridge, between the central face girder and the nearest intermediate, are the 
only ones requiring any consideration. They have a span of 14} ft, and are placed 64 ft. apart, 
The total weight cach carries, including the weight of the single ‘T irons resting upon it and {ta 
own weight, is 8°5 tons. The single 7 irons under the footpaths have a maximum span of 8°69 ft, 
and their distance apart is 93 in. from centre to centre. They are 33 in. broad, by 49 in. deep, an 
have a uniform thickness of 0°39 in. The footpath consists of concrete covered by a layer 
of asphalte, and has a rather strong fall against the curb-stone. The cross girders are sup- 
ported on brackets B, Fig. 567, which are riveted to the main girders G and G’. The 
ormer of these is the face or outside girder, and the latter one of the intermediate main ers, 
Both of these®are lattice girders, and therefore it is necessary to put a handrail, as a 
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tion to the foot yassengers, as the lattice bars in the side of the face girders are not 
sufficiently close i oa io act asa parapet. It is not unusual to have plate girders with solid 
sides preferred to those of the lattice type, because by ae, the depth of the face girder it 
can be made to act as a parapet. There are two objections to this apparent economy. The one 
is that it is in reality a very expensive method of constructing a parapet, and the other that it 
constitutes a very unsightly one as well. 

When bridges are built for street traffic, instead of that of country or suburban roads, there are 
one or two features which at once serve as a line of demarcation. In the first place, the roadway 
is usually paved, not as footpaths are paved, with flags, but with sets, as they are techni- 
cally termed. These sets consist of stones, hammer-squared; that is, roughly dressed into the 
form of a solid 9 in. by 6 in. Several names are bestowed upon these sets, according to their 
size‘and quality. In some localities, more especially in the alton in the neighbourhood of 
Leicester, they are called sovereigns and half-sovereigns, accordingly as they are of the full size 
spccified above or of a smaller size, resembling those that are usually put down at the entranco 
to stables, farm-sheds, and courtyards, Sometimes the roadway of bridges, situated as just 
‘ described, is constructed of wooden sets, similar in form and size to those of stone. It may bo 
remarked here, that wooden paving has undergone a very extensive trial in London, and appears 
to wear well. There can be no question about the absence of the noise and racket which attends 
the employment of a stone thoroughfare in the adoption of the wooden road. The only point 
that remains to be settled is that of durability. It cannot be denied that if a roadway will stand 
the traffic of London, it will stand any traffic that can possibly come upon it, allowing in all cases for 
reasonable wear and tear. Another distinctive feature to be noticed in bridges, which may bo 
appropriately called street bridges, is that the footpaths are usually paved either with flags or with 
somo description of ornamental tiles, The latter method was originally adopted with respect to 
the footpaths of Westminster Bridge, but the tiles have since been replaced by asphalte. 

In Fig. 568 is represented the cross section of the roadway of a bridge erected ovcr the Medway, . 
at the town of Rochester, which is in every senso a strect bridge. The principals or main girders 
G@ G are composed of cast-iron ribs, spaced as in the figure. These are connccted together by cast- 
iron cross girders OC, which are in separate lengths, each pair of longths being bolted together 
by wrought-iron bolts at their junction over cach main girder. The roadway is paved with scts 


of granite. 

As a material for roadways, ~ Guernsey granite is hear ea to the Aberdeen, as it does 
not disintegrate so fast. It is not quite so hard, and therefore does not wear with the same 
rapidity, The footpath in the bridge, Fig. 58, is paved with flags 6 in. in thiokness, These 
flugs are laid upon a couple of stone bearers 12 in. and 14 in. respectively in thickness. There 
is thus a fall of 2in. in the footpath in the width of 8 ft. to allow the water to run off into 
the side channels. It is to be noticed that in Westminster Bridge the footpaths do not drain into 
the side channels of tho roadway, but into others provided for them next to the base of tho parapet. 
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Having already given sufficient — of the method of constructing roadways over cast-iron 
irdera, we may now turn our attention to those which are carried upon girders of wrought iron. 
n . 569 is represented a cross section of half the roadway of Lendal Bridge in the city 

of York. The main girders are shown at GG; to them are bolted the wrought-iron gusset pieces 

or brackets B B, 6 which rest the cross girders CO. These cross beams are small lattice 

{alias and have the grent merit of possessing the features of strength and lightness combined. 

pon the cross girders C C are placed the small eS rolled joists aa, and to the lower 
flange of these are bolted the corrugated iron plates P P. These plates extend the whole way 
across the bridge, both under the roadway and footpaths. Those under the roadway are }in. in 
thickness, and those under the footpaths in. <A greater degree of strength is obtained by the use 
of corrugated iron plates beyond that afforded by mere sheet iron. There are, however, two other 
methods of obtaining a similer, and even a greater, amount of strength. One is by bending the 
plates into the form of an arch, the other method is to employ buckle plates, which, com- 
paratively speaking, possess enormous strength, and which have been used in.apme very large 
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superstructures of bridges, the new Blackfriars Bridge, for example. Their great strencth is due 
to their poculiar shape, which is that ofa dome, The carriage or pnilieay R t in Fig. 39 i com- 

osed of several layers of material. In the first place, a layer of concrete consisting of cork and 

itumen, 3in. in thickness, is placed imme.liately over the corrugated iron plates. The object of 
introducing this light substance between the wrought-iron girder and the rest of the road material, 
is to deaden the concussion of passing loads, and distribute them more evenly over the girdors, 
but it isan unusual and unnocessary refinement. Over this layer is placed another of ordinary 
cement concrete, composed of gravel and Portland cement, and upon this is laid the granite paving. 
The footpaths have layers of similarly composed concrete, and a paving of flags 8 in. in thicknous. 
For a bridge constituted wholly of wrought-iron, this must be considered rathor a heavy super- 
structure, in spite of the intermediate layer of cork concrete. Paving stones and York landings 
have considerably more meee than either wood or asphalte. If durability and efficiency can 
obtained, the Jighter the roadway and footpaths of a bridge can be made, the more economical the 
structure. In a road bridge tho superstructure constitutes a very import int item in the total load 
which the bridge has to support. In this point it diffors from a railway bridgo, in which the 
weight of the roadway itself is a mere trifle, comparcd with that of the loads which pass over it. 
In the London bridges, it will be seen, that even in the same type of bridge a different 
character of superstructure is adopted. 

In Fig. 570 is represented the cross section of one-half of the roadway of Lamboth Bridgo, the 
main, or side, girders G, which are supported directly by the chains, are built up of plates and 
angle irons in the ordinary manner. They belong to the old box form of girder, a form that is 
nearly obsolete. It was a good dval used in the carly employment of wrought iron to the con- 
struction of girders. This fuct was probably due to tho idca that, owing to its particular shapo, 
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it was considerably stronger than any other form. This opinion has been sinco shown, oxpori- 
mentally, to be erroneous. If it be compared with w plate girder, containing the same amount of 
material, it will be a little the stronger of the two, but the slight merease of strength is not by any 
means sufficient to compensate for the other disadvantages it possesses. The principal of these 
are increased difficulty in riveting together, and no facilitics for futuro exammation when once 
put together complete. In the instance undcr notice the box girder has internal dimensions of 
2 ft.3in. by 1 ft. 6 in. It is just wore that a boy might contrive to get inside to do any 
painting that might be required, and examine the interior gonerully, but anything like a proper 
examination is out of the question. 

The roadway in Fig. 570 is carried on the cross girders C C, which are of the plate type. 
These cross girders are riveted to the lower flanges of the main girders G, and constitute a 
strong cross brace between them, and very matcriully add to the stability of the whole bridge. 
They are cambered so as to give the proper curve to the road shown by the thick linc. Tho 

latform is composed of wrought-iron plates, riveted to longitudinal and transverse wrought- 
iron beams, so that the roadway forms a horizontal girdcr’of great strength to prevent lateral 
motion. The platform is suspended to the cable, not by vertical rods, but Ly rigid lattice sides 
riveted to the longitudinal beams of the platform. The lattice sides are intended to prevent 
the longitudinal undulation, which necessarily occurs in other suspension bridges supported only 
by vertical rods. It is further sought to check disturbance by attaching the cables to the 
standards, and not as hitherto done to a saddle allowed to move freely on rollers. ‘The standards 
are constructed of wrought iron, and form an essential part of the design, acting in combina- 
tion with the lattice sides to produce lateral rigidity. The roadway is formed of wooden scts laid 
upon concrete, as shown in the cross-section. The fovtpaths are carried on cantilevers B, riveted 
to the main girders. 

A very different style of roadway is that laid over Chelsea Suspension Bridge, which is repre- 
sented in half cross section in Fig. 571. With the exception of the light concrete filling over the 
arched wrought-iron plates, the whole of the roadway and footpaths are of wood. This description 
of superstructure has been objected to on tho score of being liable to take fire, but the risk of its 
so doing is very emall in a bridge confined to road traffic. It is well known that during the great 
firs at Chicago, the wooden pavement was readily inflamed, and railway bridges of timber have 
heen known to be ignited by the platform, which was also of that material, catching fire from 
the hot ashes and cinders falling from the engine, but the danger becomes very remote in the 
instance of bridges devoted exclusively to the purposes of road street traffic. In the cross-section 
in Fig. 571, the transverse or cross girders C, which el the roadway, are placed 8 ft. apart from 
centre to centre, immediately under the suspension rods, and bear upon the bottom flange of the 
longitudinal girder G. They are 31 ft. 10 in. in length, 2 ft. 23 im. depth at the centre, and. 
1 ft. 11 in. at ends, where they are connected by a system of riveting with cantilevers B, 
7 ft. long, w practically form a continuation of them, and serve to support the overhanging 
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footpaths. The sectional area of the top and bottom flanges is 10 in., and the vertical rib is 3 in. 
thick, stiffened with T iron. The s roadway bearers between the transverse girders R are 
from 8 ft. 3 in. to 8 ft. 10 in. apart, 8 ft. long, and vary in depth from J ft. 52 in. to 1 ft. 93 in. to 
suit the cambered surface of the roadway. 
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"The several girders that support the roadway thus form a series of rectangular cells, which are 
covered with arched plates of wrought iron P, stiffened with angle iron. The haunches of the 
pets are filled in with a light concrete composed of cork and bitumen, and, previously to layin 
he bitumen concrete, the plates and girders were coated with asphalte. The roadway is pav 
with oak blocks 6 in. by 8 in., by 4 in., bedded in bitumen, and furnished with trams T, of timber 
flush with the roadway, with hee hrc strips bolted down on the top for durability. The 
preforence was given to the cork and bitumen concrete, as a bedding for the roadway blocks, on 
account of lightness compared with carey banat Moreover, concrete in such a position, 
and in so thin a layer, is liable to crack, and me in time pulverized, and is then no better than 
loose gravel, which is liable to be deranged by passing traffic, and very soon wears into ruts and 
inequalities, The footpaths are paved in the same manner as the roadway, only the blocks are of 
smaller dimensions. This pavement rests on planking placed on joists J, running longitudinally, 
and resting on the cantilevers. The availubie breadth of the whole carriage-way is 29 ft., and 
footpaths 14 ft. 4 in. 
ig. 572 represents a cross section of half of the roadway of the Albert Bridge, at Chelsea, 
With the exception of the tiles which fom the surface of tho footpaths, the roadway is mm 
every sonse a timber one. As there are some peculiarities in the manner in which the dif- 
foront layers constituting the whole depth of the posal are arranged, we will describe them 
in detail. The side or main a a portion of one of which, M, is shown in the figure, 
are of the usual plate or solid type, and are mado up of horizontal top and bottom flange- 
lates and angle irons which connect them with the vertical side or web of the girder. There 
ig one peculiarity to be remarked in these main girders which is not to be mct with in 
any similar structure. They are placed not in a vertical position, but with a cant, as in 
Fig. 572, and aro retained at the propor angle by the cross girders, which are riveted to them. 
At intervals the main girdors are carried by the susponsion chains, to which they are connected by 
pins passing through the web, the junction being strengthened by circular wrought-iron gusset 
pieces and cast-iron bosscs. This additional strength at the points in the main girders, at which 
the connection with the chains is made, is rendered indispensable by the sevcre shearing strain 
brought upon the web of the main girders, Theoretically, the tutal load on the bridge, including 
its own weight, is divided into as many parts as there are points of connection between the main 
girdera and the chains, The separate weights, or the relative amount of the different subdivided 
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loads, vary with the distances between the intervals of support, that is, with the distances between 
the sucoessive pins. Another distinguishing characteristic of this bridge is, that the footpaths are 
eariger aad e towers or pillars, and not outside, as in the case of the Oheleea Suspension Bridge 
and others, 

The cross girders G are of the same form of construction as the girders M, and are stiffened 
padres Gag and angle iron stiffening pioces, F F. The cross girders are riveted at each 
end to main ers, and are also connected through the medium of their top flange. The 
stiffening vertical sags teagan D, of the main girder M, is bent or cranked wig, hot and one 
end of it riveted to the top flange of the orcss girders. The advantage additional 
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connection between the cross and the main girders is, that the strain upon the latter is not 
confined to a mere portion of the web and lower flange of the main girder, but is distributed 
well over the whole cross section of it. The cross girders are, moreover, connected together 
by horizontal sacs a cross bracing of plate and angle iron, so that the whole combination 
forms an iron gridiron of great strength, durability, and lightness. It is to be noticed that the 
depth of the cross girders is not uniform, but is greater in the centre than at the ends. It 
is this varying depth in the cross girders that the rise and proper curve are given to the 

way <A more usual plan is to accomplish this by making a difference in the thickness of the 
ruad crust or surface, and maintain the cross girders uniform in depth. Tho former plan is 
preferable. In the first place, if the latter be adopted, the thickness of the roadway itself must 
either be in excess at the centre or the reverse towards the sides. It is a mistake to imagine, as is 
frequently done, that the greatest amount of wear and tear upon a road takes placo at or near tho 
crown. Upon the contrary, experience has proved, especially whero the traffic is considerable, 
that a part of the road oompy as an intermediate position, between somewhere noar the centre and 
the sides is the most severely tried. The most cconomical plan to adhere to, with regard to the 
proper formation of the contours of the roadway of a bridge, is manifestly to maintain the thickness 
of the road material itself umform, and obtain the proper curvo by varying the depth of the cross 
girders, road bearers, or whatever may immediately support tho roadway, whether it be archod 
plates, corrugated iron, or other description of iron platform. 

Passing on to the roadway, it will be seen on referring to Fig. 572 that a plank EK, 8 in. 
in thickness, is bolted down, with bolts 3 in. in diameter, to the cross girders. Upon these planks 
are jiaid the half balks H, 12 in. by 6 in, ppb une inch apart. These extend over tho 
whole platform of the bridge, and are covered by a complete decking of I-in. planks nailed 
down to them, which constitutes an especial feature of this bridge. Upon this decking the 
wooden sets of the roadway are spiked. The sets are 9in by 4 in. and aro of two kinds, double 
and sinzle. The double are laid every fourth row, and are the only onos which are spiked 
down. This spiking down is more than sufficient to keep the rows of single scts firmly in their 
places. <A layer of asphalte completes the formation of the roadway, and serves to bind all the 
timber crust well together. The footpath 18 supported by two balks, one, N, placed under the 
gutter L, and the other, P, close to the main girder. Tho gutter is of cast iron, of a simple angle 
shape, and acts both as a gutter for the drainage of the road as well as for the footpath. The fall 
in the footpath is obtained by making the two supporting balks of diffi rent depths, one, N, which 
carries the gutter, having a depth of 12 in., and the othor, P, of 14 in. To these balks are 
apiked crogs-bars, 3 in. in thickness, and nailed to them is a decking of 1-1. planks, laid with an 
interval of 1 in. between them. Upon the decking the tiles, 1} in. in thickness, are placed, forming 
the surface of the footpaths. They are of a whitish tint, with the exception of the rows noarcst 
the main girders and the gutter respectively, which are of a bright-red colour, The whole of tho 
timber is of tho best Memel. The footputh, which offers the greatest security agaimat unequal 
subsidence, and the consequent forming of pools in wet weather, 1s one which has the fewest 
jomts. The greater the number of individual pieces each of which can sink and become dis- 
turbed, independently of its neighbours, of which a footpath is composed, the greater the chanco 
of its becoming uneven. In this respect, flags, ulthough bad where improperly laid, are superior 
to tiles. 

Another example of the road and footway of a bridge is represented in Fig. 573. Upon tho 
muin girdirs A A are fixed buckled plates B B, which are nveted down on the four sides. This 
increases their strength as a platforin toa maximum. Upon the buckled plates concrete is laid, 
varying in thickness to suit the fall in tho road towards the guttcrs. Tho surface is formed of 
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wooden sets, and the whole flushed up with a layer of tar and sand laid on hot. The con- 
struction of the footpath is very similar, with the exception that the surface is composed of 
asphalte. The curb and gutters are of stone. Cast iron may be used instead of stone in the 
tter. 
an The platforms of railway bridges differ in some rig ag from those intended for ordinary road 
traffic. One of the simplest examples is shown in Fig 574, in which the span is sulticiently 
limited to allow of the use of two small cast-iron girders GG. Planking 4 in. in thickness reste 
on theshottom flange of the girders, and the rails are spiked down to it. The cant is given to the 
rails by small wedge-shaped pieces of timber inserted between them and the planking. This cant 
may be given when cross sleepers are empliyed by adzing a piece out of the sleepers. A some- 
what similar arrangement is shown in Fig. 576, with the exception that whole balks of timber 
14 in. square replace the cast-iron girders in Fig. 574. In largé bridges, longitudinal sleepers are 
frequently laid over the planking, and the rails spiked down upon them. This plan serves to 
distribute the effect of a heavy moving load more uniformly over the entire platform of the 
bridge, and lightens, to some extent, the local strains upon the cross girders. latter are, 
comparatively speaking, often the most heavily strained part of a railway bridge. In Fig. 576 it 
will be seen that the rails rest immediately over the centre of the main balks, instead of being 
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carried solely by the planking as in Fig. 574. The rails are supported in the same manner in 
Fig. 575, where small wrought-iron plate girders are used instead of the balks. The’ girders 
simply rest on a layer of felt, and are bolted to the planking by fang-bolts at distances of 8 ft. 
eight of Roadways and Platforms ; Working Load.—The weight a square foot of the roadways 

of public bridges, is a very important item in the total load they are designed to carry. Taking 
the respective weights in order and observing that they do not include the cross girders or any 
bracing, they run as follows ;— 

For brick arches turned either between the lower flanges of cast and wrought iron main 
girders, or between the crosa girders, the average weight a square foot will not be less than 
2cwt. When arched wrought-iron plates, buckled plates, or corrugated iron is used, the weight 
will be about 14 cwt. In these weights a square foot, allowance has been made for re opaee || 
1 ft. in depth. If wooden sete or planking, as shown in Figs. 572 and 573, be used, the weight wil 
be correspondingly reduced, and may be brought as low as $ cwt. a square foot. 
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The maximum live load which can come upon any bridge, intended for ordinary road and 
pedestrian traffic, may be taken at 1 cwt. a square foot. The weight on many suspension bridges 
of Jarge span has been catimated at 40 1b. a square foot, which Roebling from many observa- 
tions has found to be about the maximum weight of a moving crowd of people If the bridge 
is liable to be subjected to heavy concentrated loads, they must be provided for accordingly. Some 
of the modern city bridges of wrought iron bare. boon constructed to carry heavy steam rollers, 
and contain more material than railway bridges of similar span. 

Timber Bridges —Bridgos of timber, except for temporary purposes, or upon a limited scale, 
are nearly obsolete, They are, however, very useful in country districts where the span of 
the bridge is small, and the load to be carricd comparatively light. A good strong, plain truss 
will then answer all requirements, and if taken care of and painted at proper intervals, will 
last a considerable time. The first cost is invariably much loss than that of a stone or iron bridge. 
We give in Figs. 577 to 581 the working drawing of a truss froquently used for carrying country 
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roads over a line of railway. The principles which govern the strains and arrangement of parte in 
this truss, obtain also in the largest examples, and therefore a general description of their action 
and the means of treating them will ex the subject, In the drawing, Fig. 577, the diagonal 
baru A A of the truss are not, theoretically, required, but are introduced for the sake of symmetry. 
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The loading 1s placed on the lower momber, and the truss thus acts as a parapet or hand-rail. Tho 
whole structure has a very neat and compact appearance 

The span of the truss, Fig 577,18 27 ft , and the clear width maido 12 ft, and the total depth 6 ft. 
The total load on each tiuss 1s assumed to be supported at four points, namely, tho two abutments 
and the points W W, where the uprights or posts are connected to the lower memberorchord D A 
strap, Figs 579, 580,21n by $n passes over the posts B B and the upper chord EF, and 1s keycd 
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up tight under tho lower chord o1 tic beam by a gib and B31 

cottar The diagonal struts CC are fastencd to the tu beam 

by a bolt, but occasionally a strap is uscdimstend The diffircnt u 
inethods of connecting timber and iron in a bnidge o1 root will . 

be found under the heads ot Construction and Carpenti 
Between the upper cuds of the posts BB a xtraming piece Fs 
fastened, and by bolting it to the upper member 1], as shown im 

Figs 577, 580, it may be reguded as foaming part of it, and the 
sectional arca may be made available in calculating the strength 

of the bndge The jowts of a timlcr budge rcquic to be . 
comparativily strong, for hhe the cross zudas of rulwauy  & 
biidyes, they suffer more fiom the feree of any suddcnly 
applied waght than the principal zudcrs or tius¢s So long 

as the pl mking rcmains sound it scives to distubute the Joad < 
pretty uniformly, but the ylanking os frequently allowed to a 
get very much out of repanom all descquption of budges, and s areskds 
the joists suficr proportionally A laycr of gravel or broken mS 
atone 18 usually spicad over the plinkimy of w tunber bnidge 

for two 1casons, one 18 to preserve the timer fiom the fect of the horses, and tho other from the 
risk of fire The strength of joists and planking of the quality ordinanly uscd for this class of 
work, should be cstumated upon the basis of the breaking waght of a bar tt span and Lin square, 
bung 2 Sewt applud at the centre hus the breaking waght for the 9in x 61m Joists ut the 


cy 2 ™ 
cffictive span of 12 ft 61m would bc —B W =2 dcwt x sale Sea at = 97 cwt. at the 


12 5 ft 

ccatie or 194 ewt distributed 

Strams upon Trusses —In cstimating the strength of truss or gurdcr work, it is necessary to dix- 
tinguish struts from ties Struts are ncmbeois that ure compressed, and tics mambeis that are im 
tension What members are in tension and what arc compress. d, may be determined by drawing 
the Ime from the pot on which the straming force 1s cxerted, in the duection 1t would tuke if 
the members were removed If this hne 1s meidcnt within the angle formed by the pieces and 
the strain, then both pieccs are in comprcemon, when the linc falls within the angle formed by 
producing the direction of the sustaining mcmbes, then both members are in tension ‘The 
following method 15 more A digi and includ s the foregoing case Construct the paralldiogram, 
taking the direction of the straming foree as the diagonul ‘The sides of the parallclogram 
boing parallel to the sustaining foree draw the othcr diagonal of the parallelogram, and } arallcl to 
it draw the line through thie 
point where the dircetions of 
the forces mect Consider to 
wards which side of this line 
the strung fore: woul | nove 
it left trie, all supports on thit 
side will be m compression, 
and all thoee on the ofher side 
in tension At pige 2818 of 
this Dictionary mcre special 
cases are ccnsidcrul ‘Lhe dia- 

m in Fig 582 represents the actual working parts of the truss exictly similar to that 


es Fig 577 The thick lines represent the parts m compression, and the thin those in tension, 

The anncxed Table IL gives the strains upon the diffrent bars for one half of the truss 

The truss has a clear of 40 ft, a depth of 5 ft, and the total loud which is placed upon 

the lower chord®# equal to 21 tong. The distribution of this load will be as follows ,—At the 
Q 


riz 
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points D and D! there will be 7 tons, and 38°5 tons will be supposed to reat directly upon the 
abutments. The weight of 7 tons at D will be borne by the vertical tie D B, whence it will be con- 
veyed by B A to the abutment A, and a due proportion by the other members to A', The respective 
strains will be as follows;—Let L = span of truss, z = distance of D from the nearest abut- 
mont, W = total weight, and RR, = the separate portions of the weight. Then R+R, = W, 





WxL— 
R= SE = nag, = UX? From which R = 4°66 tons and R, = 2°88 tons. The first of 


these will produce compressive strains in the upper flange BO', and in the diagonal BA, and 

tensile strains in the vertical BD, and in the parts of the lower flange AD and p C. Similarly, 

the latter portion of the weight will compress the parts B D', B' C', and B' A', and stretch C D', 

D' B'. A similar action arises from the weight of 7 tons situated at D', and the sum of the two 
ae total strain upon the various members of the truss. These strains are tabulated in 
a @ e 


Tape II. 
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To find @, or the angle B A D, we have tang, @ = nea or log, tang, 6 = log. 5 — log. 13°333 +. 10. 
7 


Solving, log. tang. @ = 9°574021, and @ = 20° 33”. Consoquently the strain upon A B = a 
Le 
7 


~ 0°85102 
metrical process. Tho dotted lines represent the hand-rail, which has nothing to do with the truss, 
theoretically considered. If BD or B' D! wero made struts instead of ties, and the load placed 
upon the top, then the diagonals BD' and B'D would be in tension instead of compression. 
Moraovee, if the dotted lines DF and D! F' weie ties under the same circumstances, so that the 
force of the truss was represented by F, F!, D!, D, then, with a load only at B, there would be no 
strain upon the diagonal BD'. But if there be a load of 7 tons upon B and B!, and the strains 
be worked out for the tiuss represented by F, F', D!, D, they will be found to be equal in amount 
to those already obtaincd for the truss A BB'A!, although of an opposite character for the 
corresponding bars. Tho strains upon tho flanges will be the same, both m amount and character, 
and they will be a maximum in all cases when the truss is uniformly loaded = The maximum strain 
that tho truss will undergo will depend upon the position of the load, both with respect to the 
flangos and the distance from the abutments. In Fig. 582, if the load were placed upon the top 
member, that is, upon B and B', and both B, D, and B', D' were ties, then either would undeiyo 
its maximum strain when it was itself free from load, and the other apex loaded. If the load 
were placed on the lower member under similar circumstances, thon the maximum strain would 
take place when both apices were loaded. Supposing B, D, and B', D' to be struts, the conditions 
of the maximum strains are exactly reversed under the same methods of loading. It would not 
make any material difference in a span so small as 40 ft., so far as the strains are concerned, 
which form of truss was employed, but there might be a slight gain by making the bars BD 
and B! D! struts instead of ties. In that case, the truss would take tho shape of F F', D' D, and 
ull the diagonals would be tics, The truss in Fig. 582 is suitable for either a uniformly distributed 
or a moving load, as tho diagonals intersecting each other at the centre of the truss are counter- 
braced, and can act either as struts or ties as the position of the load may demand. The strains in 
Tablo II. are those upon one half of the truss, resulting from the combined action of the two 
weights situated at the points D and D'. The strains upon the other half are precisely similar, 
but the action of the weights will be reversed. 

The strains upon tho other bars in the truss in Fig. 582 may be easily calculated. The strain 
upon each of the central braces B D', B' D, will be equal to the vertical component of their load, 
multiplied by the cosccant of their angle of inclination to the horizontal. 

Timber is but little used in England for bridges of any importance, but they are stil] built in 
countries where it is abundant, and where other circumstances render the employment of metal 
inexpedient. American timber bridges do not last in good condition more than twelve or fifteen 
years, the wood hori t generally unseasoned, and shrinking much after being framed. When 
covered in to protect them from the weather and well cared for, any shrinkage of the braces being 
immediately remedied, it is said that these bridges will remain in good condition double the usual 
time, or about twenty-five years. Some English and continental pages of timber have, however, 
lasted much longer than this. In any case ie are liable to fire in warm weather, and when 
used for railway communication. If employed, the timber should be of excellent quality, 
seaeoned, and protected by chemical treatment. . 


The strain upon the bar A B mny be checked by calculation. It 1s known to be equal to - 


= 19°94 tons, which is a sufficiont approximation to the rosult obtained by the geo- 
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Unit Strain in Timber Bridges.—The unit strain, or safe working load, which may be put upon 
cach square inch of timber, as determined from a large number of timber bridges constructed in the 
United States, for the different members of the bridge is as follows. Unit strain in upper chords 
in compression = 797 lb. an inch of nett sectional area ; in struts or braces also under a compressive 
strain = 743 lb.; in lower chords in tension = 955 lb. The compressive strain should be less if 
the ratio of length to thickness be greater than fifteen to one, and in England it would be 
dificult to find a timber bridge in which the strains are greater than ono-half those stated, or say 
from three to four owt. a square inch. B. Baker's rulo for timber struts with a factor of safety of 


five is ;—Working load in cwts. a square inch = when r is the ratio of length to least 


350 + r? 
thickness. 

Iron Bridges—In all instances where strength and durability are considered to bo of greator 
importance than mere first cost, bridges of either cast iron, wronght iron, or stecl, aro the modern 
representatives of this description of engineering work. Of these three materials cast iron having 
been first employed for bridges, we shall commence with it, and shall give, in addition to the theory 
of A subject, a few exainples of oxisting bridges and girders, which serve to carry roads and 
railways. 

Cust-iron Arches.—Cast-iron arches were prior to cast-iron girders, Southwark Bridge, with its 
central span of 260 ft., and side spans of 240 ft, atill affords, in one sense, an almost unrivalled 
specimen of a castiron arch. The distribution of material in it is not, however, such as to recom- 
mend it for selection for future imitation, since the arch ribs aro little else than flat odge plates 
instead of being of a girder section. 

The theoretical part of the subject applies cqually well to arched ribs of any clastic material, 
whether cast iron, wrought iron, or stecl, and it will therefore not be necessary to recapitulate when 
we give practical examples of arched bridges of the two latter materials. 

Strum upon Arched Hshs—The general problem of the strength of arched ribs is one which, 
although it does not require for its solution the application of any very abstruse principles, 
sometimes involves very labonous and intreate calculations, For many practical purposes, 
however, it is possible to obtain solutions of particular cases by simple processes, and one of the 
means of simplification is to suppose the arched rib to be jointed at the crown. 

In Fig. 585 let A DC B be the neutral Ine traversing the centres of all the cross sections of a 
half-rib of any shape, abutting at its base B against an abutment, and jointed at its summit A to 
the summit of the opposite halfaib. Let the hulf-nb A DC B have a vertiea) loud distributed ovor 
itinany manner. ‘That vertical load will include that part of the load, if any, which is concentinted 
upon the end of the half-rib at A. 

Having found by the ordinary pe of statics, tho resultant Joad on tho half-sib, draw 
D E vertically downwards from the horizontal line A X, to 1cpresent that resultant loud in position 
and magnitude. Draw the straight line D B,and thiough K draw the horizontal line EH, cutting 
DB im H. Then EH will represent 
the horizontal thrust at every cross 
section of the half-rib, and DH will 
represent the resultant thrust at B, 
which is exerted by the foot of the rib 
against its abutment, and also the equal 
and opposite resistance which is exerted 
by the abutment against the rib. 

The load and its distribution having 
been ascertained, we can calculate the 
vertical shearing actions, and from the 
vertical shearing actions calculate the 
bending moments, which would be 
exerted at a series of pots in the half- 
rib if it were a bracket projecting from 
a vertical wall BX. Then from the 
horizontal axis A X, lay off vertically 
downwards # series of ordmates proportional to those moments, and on such a seule that the 
moment at X shall be represented by the ordinate X B. The ordinate corresponding to a given 
moment may be found by dividing that moment by the horizontal thrust EF H; and conversely the 
horizontal thrust may be found by dividing the greatest moment, being that at X, by the rise of 
the half-rib X B= AG. Through the lower ends of the ordinates draw the curve of moments A B. 
For a uniformly distributed load it is well known that the curve of moments is a common parabola ; 
that if there is no load concentrated at A, the vertex of the parabola is at A; and that it there is 
such a load the parabola at A hus a slope proportional to it. 

Find the pair of points, C and K, at which the curve of moments and tho ncutral line are 
farthest apart in a vertical direction ; in other words, the pair of points in one vertical line where 
the tangents to those curves are parallel to each other. Then C will be the centre of that cross 
section of the rib at which the actual bending moment is greatest, and the greatest bending moment 
will be expressed by CK, HE; that is, it will be equivalent to the horizontal thrust acting with 
the leverage CK. The tendency of that bending moment will be to crush tho inside edge 
and tear the outside edge of the rib. The bending moment on the rib at any other cross section, 
will be the prem of the horizontal thrust into the height of the centre of that cro«s section, above 
the curve of moments. If at any point the neutral line of the rib lies below the curve of moments, 
the bending moment at that point is reversed. 

In Fig. 584 4 LM represent, in a side elevation of the rib, any given cross section, and N the 
neutral axis of that section. Draw N V vertically downwards, to represent the doar shearing 

Q 
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action at that cross section upon the rib regarded as a bracket, Through V draw V H, representing 
the horizontal thrust of the rib. Join NH; this will re nt the resultant thrust at the cross 
section LM. From H let fall HP perpendicular to LM. Then PH will represent the amount 
of direct normal pressure at the cross section LM, which will be uniformly distributed, and will 
give rise to a compressive stress, to be added to the compressive stress at L due to the bending 
action ; and N P will represent the actual shearing action upon the cross section LM, which in an 
arched rib will have to be resisted by the diagonal! bracing. 

At the section of the greatest bending moment O in Fig. 583 the resultant thrust is altogether 
normal, and the shearing action N P vanishes. The greatest shearing action in most cases which 
occurs in practice is that exerted at B, and throughout the vertical part of the rib, and it is equal 
to the horizontal thrust H; but there are some cases in which the shearing action may be greater. 

The following are the results of the application of the preceding principles to a semicircular mb, 
Fig. 585, under a uniformly distributed load. Let the rise GA =a and half the span GB = 8. 
Let A denote the load that is concentrated at A; w, the load a unit of spun on the remainder 
of the half-rib; 2, the horizontal distance of any point fiom the vertical plane AG. Let r be the 
radius of the neutral line AB. Then the vertical load at B is V' = wr = w x DE; the greatest 
bending moment is exerted at CO, 60° from A, and tends to break the rib there, as shown in Fiz. 586; 
being the same with the bending moment exerted by the same unifoimly distributed load on a 
beam of half the span of tho rib. 





B 


Tho normal pressure at C is P = 2H = wr. 
If the load, instead of being # pounds on ench foot of span, is » pounds on each foot of cireum- 
ference of tho neutral line A B, both the eae of the point of greatost bending moment, and the 
© 


amount of that moment, are very nearly the same as in tho previous case; for the arc A C subtends 
about 623°; and the gicatest bending momcnt is— 


M’ = 0°124 wr,; 
but the other quantities are different, being as follows ;— 
V,=1°57 ur; H=0°57 or; P=1°23 wr. 


Tho case of a hoise-shoe rib, in which each half-rib consists of a quadrant of the radius r = O A, 
and a vertical leg of the height GO, eas with the quadrant a rigid mb of the total rise 
A G = a is represented in Figs. 587 and 588, The load being uniformly distributed over the span 


at the rate of w pounds on each foot, draw the horizontal line A D = 5 draw the vertical line D E 
meeting the horizontal radius in E; and join DB, cutting the same radius in H. Then 
D E represents the resultant load on the half-rib, E H the horizontal thrust, and D Hi the resultant 


2 
thrust at B. To find the point of grvatest bending moment, take OF = - = TAG 


2 
¥ draw the horizontal line FC. The greatest bending moment is M’ = a ( 1— x) 3 the vertical 


2 
an , and the normal pressure 


, and through 


load at B is V, = wr as before; the horizontal thrust is Ti = EH = 


at C is P= wr, 

To adapt the cross section of a1ib to the bending moment M’ combined with the normal pressure 
P, lot A be intended depth of the rib; m’A the part of that depth which lics botween the neutral 
axis and the compressed edge; ¢q the ratio which the square of the radius of gyration of the cross 
section bears to the product tm’ 4*; and f the greatest intensity of the working stress; then the 


required sectional area is— 
g=1(P +5); 
Ss qh)’ 


all dimensions being expressed in the same units. 
To find the intensity of the tension ¢, at the stretched edge of the cross section of greatest 
bending moment, let m” 4 be the part of the depth of the rib which hes between the neutral axis 


nnd that edge; then 
lsm"M’ 


all dimensions, as before, being expressed in the same units. 
_ In a semi-elliptio 1ib springing from the ends of its horizontal axis and jointed at the crown, the 
principle of the transformation of structures shows, that the, horizontal thrust is to the ‘hori- 
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zontal thrust of’a semicircular rib of equal span, under an equal load similarly distributed over the 
span. as tho radius of the circle is to the rise, or vertical eemi-axis, of the ollipse; and by tho aid 
of this principle, all the strainiug actions on a semi-elliptical rib may be deduced from those on & 
semicircalar rib. The following are the resultant rules, in aioe any symbols, when the load is 
uniformly distributed over the span. Let w be the load on each unit of span, 6 tho half-span, at 
w 
c the rise; then the vertical load at the springing is V, = w; the horizontal thrust is H = : 
the greatest bending moment is oxertod at a cross section tho vertical height of whoso contre above 


the springing is equal to = half the rise of the rib; and that moment is 
, He wht 
ge ge 


Tho normal] pressure at that cross section is 
P=VP+ivy= 2 842) 
= V+ EV = F4/(8+ 2), 


In a harse-shoe rib, formed of a gates are with straight vertical legs, jointed at the crown 
and loaded uniformly over the span, Iet a be the total rise, s0 that a—c is the longth of a leg. 
Then we have vertical load at B, V, =, as bofore; height of the point of greatest bonding 


2 6 ; 
moment above the horizontal axis of the ellipse, mat horizontal thrust, H = ot groatost bonding 
moment, M’ = (1 - os) normal pressure at the cross section of greatest bending moment, 


P = / {H+ V(1 ~)}= FV (att): 


a? a? 

It is to be remembered that the preceding principles apply only to thoso cases in which the rib 
depends for its resistance to bending on its own stiffness alone, and not on the additional stiffoning 
effect of bracing in tho spandrils, or of abutting pressure tranamitted thiough the spandrils; for 
the effect of such bracing and pressure may be, to make the real neutral line of the combined rib 
and spandril assume, a form quite different from 
that of tho rib itself: so that, for examplo, a 589, 
rib with a semicircular or semi-elliptic intrados 
may Laat rey a egbelgat i disguise. 

1en tho load upon an are rib jointed at [_ _ | 

the crown is ameyminetrioall distributed, the i "1 R 

regsures may be axcertained as followe;—In ~”’ Xs 

"ig 589, let A be the crown of the 1ib, and let 
the horizontal line X, X, = 2 6, which is bisected 
in A, represent the span. Let R represent 
the resultant load, which, if tho distribution were synmetrical, would coincide with A, and kt 
the detiation A R be denoted by .«’. Then let V, and V, be the vertical pressures exerted at the 
springing joints which are below X, and X, respectively; then 

he 2’ E b+ x’ 
‘aR “= Roo 

Let W, and W, be tho two parts of the actual load, which dircetly reet upon the two halves of thio 
span A X, and A X, respectively; and make 


V, — W, = W.- V; = Q. 


Then the load upon the half-span A X,, namely V, = W, + (), is to be treated as maile up of the load 
W, which directly reste on that half-span, combined with an additional load Q concentrated at A; 
the load upon the half-span A X,, namely V, = W, — Q, is to be treated as made up of tho load W 
which directly rests on the half-span, combined with a negative or upward load — Q concentrated 
at A; and the state of stiain on each half-rib is to be determined from those data, according to the 
method already deacrihed. 

Practical Rules for Arched Ribs. 


A = sectional area in aq. in. at the springing 
A'= 7 * contre 
A? = ee ss baunch 


Then for round-ended arched ribs, A = ; ; 








Aira 20+) | A?é= ab 3 
i “Bite eas 
e ad 4d 
For square-ended arched ribe, 
ee. a ote ler. 
trex! Py asl 


d 
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Here ¢ = tonsa square inch on tho metal; W = total distributed load in tons; w = ratio of 
total load to rolling load ; r = ratio of span to rise of arch ; 





ad 8 d $8 
Wr a +. f-ul tz tu=l 
(eT tlt, | es 





w m w 


and tho value of x, in England, = 1°62 for cast iron, 2°75 for wrought iron, and 3°44 for stecl ; 
and in countries, such as America, where there are great extremes of temperature, about two and 
a half timos these amounts. : 

The utrain ¢, in tons a square inch, may in ordinary cases be taken at 3 tons for cast iron, 
4 tons for wrought iron, and 7 tons for stcel. In several existing bridges, however, the actual 
utrain is at least two-thirds greater. When the web constitutes an appreciable proportion of the 
whole cross section, as is the case with cast-iron arches, the effective area of web should be taken 
loss than the actual arca in the proportion of w — 1 to w. 

It ig just a century sinoo the first cast-iron arched bridge was erected. It was built across tho 
Bevern, near Coalbrovkdale, Shropshire, in a single semicircular arch of 100 ft. diameter. This 
firat experimont with the new materin! was not a perfect success, The semicircular form was ill 
ndapted for such a structure; and there does not scem to have been sufficient allowance made for 
the diffrence between a solid and an open spandril. The result was a partial fracture of the arch. 
The next cast-iron bridge was built across the Wear, at Wearmouth, near Sunderland, iv 1796. 
This time the form was sogmental, the span of the arch being 236 ft. and the rise 34 tt. About 
the same date there was one erected by Telford, near Shrewsbury, the chord of the arch 
in this case being 130 ft. aud the riso 14 ft. Telford seems to have been so fully convinced of 
the fitness of cast iron for bridges of large span, that a few years later, in 1800, he and Douglus 
propared plans for replacing old London Bridgo by a single arch of 600 ft. span. Their design 
was submitted to a committee of the House of Commons, then considering the question of rebuild- 
ing the bridge. The coinmittee took the opinion of those best qualified to judge of the feasibility 
of tho dosign ; and, althongh it appears that those consulted differed widely us to the nature of tho 
strains in the proposed arch, they were unanimous in considering the construction of a cast-iron 
arch of 600 ft, span as perfectly practicablo, It was ultimately decided to build a stone bridge, but 
tho reasons which lead to this decision, do not seem to bave been due to any misgivings as to the 
power of carrying to a successful issue a project of 6o novel and bold a character. 

From this tino, the beginning of the present contury, cast-iron arches increased in general 
favour, many of them beng built in different parts of the country; and when the best means of 
carrying the Ohester and Holyhead Railway over the Menai Straits caine to be considered, one of 
the proposala was o east-tron arch of 450 ft span. Whatever advantages may be claimed 
for girders, and at ure doubtless many and great, yet it must be allowed that when cunsiderations 
of beauty form an vlemcnt in the design, the girder must give place to the arch. 

The ribs of which arches are composed are generally cast in several pieces, which have their ends 
carefully planed, so thut those which are in contact muy fit accurately when the rib is in place. 
They are thon bolted together throuzh flanges cast on the end of each segment. The consequence 
of securing the segments together in this way is that the mb is capable of resisting tension as well 
as compression, differing in this respect from voussvir arches, which can only be rehed upou to 
rosist compression, as the adhesion of mortar, or even cement, is considered too feeble or too 
uneortain to warrant its boing taken into account, as capable of resisting forces which tend to 
ope the joints of the masonry. The commonest form of rib is the segment of a circle, with a rise 
ot about one-tenth the span, the section of the rib being the I, the depth of which increases 
alightly from the crown to the springing. Ribs of this form are designed of sufficient strength to 
bear the whole loud, tho only estimated function of the spandril being that of transmittmyg the 
Joad from the roadway to the rib. In cases, however, whore the span is so small thut the mb can 
be cast in one or two pieces, it is usual to make the top flange horizontal, and to cast the spandril 
iu the samo picce with the flanges. That is, the web of the rib forms the spandril, which is con- 
soquently taken into avoount in estimating the suction required for a given load. 

For some additional information with reference to the strains upon arched ribs and the 
ret y bat ee the central atrain upon an arch and a gitder, see the article on Roofs in this 

upplement. 

histsiros Anh Bridges over the Severn —Fige. 590 to 608, two railway bridges which cross 
the Severn, the one at Arley, near Bewdley, the other on the Coalbrookdale line, which is a short 
branol of the Severn Valley, Tho first-namod work was completed in 1861, and is known as the 
Victoria Bridge; and the latter, opened in October, 1864, was named tho Albert Edward Bridge. 
Thoy were designed by Johu Fowler, and are of identical dimonsions, and although not quite the 
largest archos over constructed, they are the largest cast-iron arched spans yet erccted for carrying 
railway traffic. A description of one will suffice for both. 

With a span of 200 ft in the clear, and a width of 27 ft. 6 in., the Albert Edward Bridge 
atrotches from abutment tu abutment, giving a headway from the aurface of the water to the under 
sido of the main ribs of 40 f. The riee of the arch in the contre is 20 ft, or one-tenth of the span, 
and the depth of the curved girder 4 ft. “e 

Tho strength and arrangement of the abutments will be ascdftained from Figs. 590 to 
592, which are respectively longitudinal, horizontal, and transverse sections. The founda- 
tions are entirely surrounded with sheet piling, which encloses an area 66 ft. long by 34 ft. 9 in. 
wide and 19 ft. 6 in. dewp. This apace is filled with 1650 cubic yards of concrete, and forms 
the foundation on which the abutments are constructed. The level of the ground is 3 ft. 
above the eurface of this mass of concrete, and 14 ft. below the springing of the main ribs, to which 
height the face of the abutment is built in solid brickwork 8 ft. thick. The arraagement of the 
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moulded stone course beneath the springing and the skewhack is shown in Fig 590, the brickwork 
behind the skewback being set in cement, bonded with iron, and convenient recesses aro left 
beneath for the reception of the holding-down bolts, which secure in their plaocs the cast iron shoes 
in which rest the rounded ends of the main nbs From the top of the skewback to formation level, 
the abutment has merely to retain the earth contained within the face and wing walla, and the 
thickness 18 gradually dcocrcased from 8 ft to 2 f 7} 10 Tho face of the abutment 1s strengthoned 
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by concrete backing, increasing from a thickness of 1 ft 61m at formation level to 33 ft at tho foot 
ot bnckwork, Fig 590, and three rows of honontal archos transfor the thrust trom the face of 
the abutment to the wing walle These latter have a thickness of 7 ({ 2m at the base, 
gradually decreasing, as the pressure of the retained carth dimiuishes, to 2 ft 7h an at formation 
level, and they are td together with tout 2) in diameter bolls Lx- 
ternally the abutments prescnt a symmetinal though not highly mie 
ornamcntal appearance, they are of brickwork, with stone mouldings 
and parapets 

‘Lhere are four main nbs, R, R, Figs 592 and 593, placed 4 ft. 
11 m and 6 ft apart, so that the ccntrcs of the mbs comcide with the 
position of the line of permanent way The general construction of 
the main mbs is shown in Fig 590, and in cross section Jig 593, 
as well as in dc tatl, Figs 598, 599, and 604 They are 4 ft an depth 
in the contre, increasing to t ft 9 in at springing, with a top and 
bottom flange 1 ft 3) in wide, and 2m thick, which also in the 
strength of the web Nine scgments, cach 22 $1 ft Jong, with the 
intrados curved to a radius of 200 ft, complete the rib The con- 
struction of the end segment is shown in Figs 598 and 599, where 
it will be seen to terminate with a rounded hecl, curved with a radius 
of 2 ft. 54m and strengthened tranavcra ly and longitudinally with 
ribs and feathers This rounded end fits into a curved shoe, which 
is held down to the abutment by seven 21n bolts 6 ft long The 
shoe 1s 3 ft in breadth, corresponding to that of the main rib, which 
1s widened out as shown in the plan, and 6 ft long over ite be’-plut, 
the thickness of metal averaging 241n Hoth shoo and heel of main 
mb were cast to as nearly a true tit as could be obtaincd, and aft rwards 
the surfaces were fac:d, arid ground one on the other, so that extreme 
accuracy of contact was obtained It 1s found, however, that the girders do not turn at all 
upon these jomts, but rise and fall in the centre with the vanations of temp: rature 

Honzontal wrought-iron girders 2 ft deep, and of section Fig 546, rest on the top of the 
spendnil filling, bearing at one end, on the abutments, 22 ft above the springing, and merging 
into the main nbs, at a point 18 ft from the centre of the bridge. The upper und lower 
flanges, howev&, are continued until they meet the corresponding girder on the other mde, These 
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irders are of ordinary construction, with a constant cross-sectional area throughout of 8} square 
nehes. The thickness of web is y, in. and the top and bottom angle-irons are 3} in. x 3 in. 


x ¢in. 
tiffeners of the construction shown are pluced 8 ft. apart, at the joints of the web-plate, which 
are made good with } in. covers 1 ft. wide by 1 ft. 4 in. deep. Intermediate T-iron stiffeners are 


also p at intervals of 8 ft. The cover plates of the bottom flange are placed on the inside of 


the girder, so that the web has to be notched, and the angle irons cranked, to accommodate the 
extra thickness. This is done to preserve a perfectly flush surface on the under side, and all rivets 
have countersunk heads for the same purpose. 

The spaces betwoen the under side of the horizontal girders and the main ribs are filled in with 
cast-iron standards, as shown in Fig. 590, and in details, Figs. 597 and 604. The standards are 
placed 4 ft. apart, from contre to contre; they havo a cruciform section, and vary in size from 





12in x Gin., 12 m. thick, to 9 in. x Gin, 1, in thick In each case they are cast in 4-ft lengths, 
the delnts being mado with 1} in. diameter bolts midway between the standards, as shown in 
dotull, Fig. 604. On the lowor side they are secured to the main arch rib by 1 in diameter bolts, 
Maced 12 in apart, and at top they are fastened to the horizontal wrought-iron girder by 3-in. 
its, 8 in. apart, which alternite with the rivets in the bottom flange of the girder. Honzontal 
atruts, of the construction shown in Figs. 600 and 601, are placed between the main ribs, and 
bolted thereto, Tho distance hetweon them varies from 16 ft Gm to 8 ft 4 in , the space being 
governed by tho longth of the 4 eluate atandard. Thoro struts are formed from two channel-iron 
rolled beams, 44 m. deep, 4 in thick, and 14 in wide across tho top and bottom tabls, placed back 
to back, and riveted together, except ut tho ends, where they are opened out sufficiently to admit 
ono web of the spandril standard, while the onds are turned back to bear agumnst the other web, to 
which they are fastened by two 14 in. diameter bolts. Fig 593 shows the method of vertical cross- 





bracing between the matin riba, adopted for thia bridge. It consists of a sorics of cast-iron struta of 
tho section shown, the top and ottons horizontal members bemg circular, and 4 1. in diameter, 
and hollow to admit of the passage of a 14 in. diameter bolt, which secures them to the main ribs. 
Thero are two sets of struts to each segment, or eighteen altogether in the whole length. At the 
top and bottom of these struts, tie-rods, 14 in. in diameter, extend diagonally from rib to nb, 
forming a thorough system of horizontal bracing throughout the bridge. The spandril standards 
are tied together vertically by diagonal bracing rods 2 in wide by # in. thick, and horizontally by 
bara of the same acantling, which do not croas cach other, but are turned round at a distance a 
little short of the centro of each bay, and are bolted together by 1} in. diamcter bolts passing 
through iron distance pieces, which are suspended from the platform overhead, Figs. 594 and 595. 
The wrought-iron girders underneath the roadway are alao ea braced, horizontally and 
vortically, in each case with tic-rods 2} in. by § in.; atrata, formed of two T irons 1§ in. by 
33 in. RAL Pt tetaepe horizontally to the bottom flange of the girders, as well as to the top of 
the epandril filling, as shown in a 97. 

It is to this complete systom of bracing throughout the stracture that the bridge owes its lateral 
atiffueas, the width rene so small as compared with the length, that the greatest care was 
necessary in designing this part of the work. Upon the sin bla Mba balke of timber 18 in. 
square, aro laid and bolted to the top flange at frequent intervals. Into these longitudinal timbers, 
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ernes beams of sim lar scantling and 4 ft apart arc tenoned im the method shown, Figs 602 and 
608, and ppon them a close planked floormg, 31n thick, 1 spiked Tho ballast which 1 laid 
over tho platform to a depth of 9 in, w prevented from falling over the aides of the bridge by 
cast ron facias 12 in high, and panelled on the outside, which run the wholo length of the bridge 
On these facias the handrailing is secured Short mpes, 3in in diwmeter and about 6 in long, are 
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pend through the flooring, and carry off auch dramage as may accumulate on the ballast 
hese pipes are placed in three rows, transverscly, and at intervals of about 20 ft Before 
crcction, all the girders wore tested, and oach « gmcent of the main ribs was proved separately on 
the concave as well as the 
conve x side, a load of about 
70 tus bemg applied to 
the centre of cach without 
causing them to rhow any 
yXrmancnt «ft, and only a 
deflection of about 0 08 in 
Some of these pices, 
which were shghtly defic- 
tive castings were broken 
under a ccntral load of 
430 tona As before stated, 
the bridge, though always 
in inotion from the influence 
of (xpansion or contraction, 
never turns in the least «de- 
gree on the rounded heels 
ut the springing of cach nib, 
but rises aaa falls by virtue 
of itsounclasticity During 
the course of crection, the 
arched ribs have been known 
on a day to hft themsclves 
clear of the scaffolding for 


604 





& height of 1} 10. 
The following 1s @ detailed description of the quantitics and material employed ,— 
Concrete . ws . . 8844 cubic yards 
Bie ae veka pieces, &¢ ° +780 cubic fect 
tone , coping ‘a 
Timber 1n sh®et piling ‘ os 2 1938 ow 


fir in beams and flooring ° ee e 3400 " 
The total weight of cast won. 1. oe 6oe~=—C 848 tons 


Ad 
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Beforo the opening of the railway for public traffic, the bridge was tested with a moving load 
on each puir of veil eoalatine of an gavine and tender weighing 45 tons. The greatest deflection 
was 1 in. The comparatively great amount of material required in tho abutment of an arch 
bridge will be apparent on referring to Fig. 590 
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Cast-tron Arch Bridge at York.—This bridge consists of a Tudor arch of cast iron, 175 ft. span, 
25 ft. rigo, shown in Figs. 605 and 606, in half-elevation and longitudinal section, Figs. 609 to 618 
being of details. Fig. 607, a transverse section at the centre. Fig. 608, a transverse section of 
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bridge at 0.0, on internal rib, Fig. 617, section at b; che te section at d. The spandrils are 
fitted with open Gothio tracery, the principal openings being charged with shields bearing the 
arms of the aee of York. The interior spandrils are fitted with an iron plate, pierced to correspond 
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in pattern with the external Gothic spandrila, The parapet, Fig. 609, consists of quatrefoil 
openings. The epringing-line of the bridge is at the ordinary summer level of the river. The 
six longitudinal ribs are entirely of cast iron, and are 8 ft. deep at the créwn, increasing towards 
the abutments. These ribs are stiffened hy cross beams, varying in depth from 2 ft, 10 in. at the 
crown to 8 ft. 9 in. as they approach the abutments. A bed is cut in the brickwork for the 
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ead tals of the akewbacks against which tho riba abut, the skewbacks resting upon granite slabe 
18 im. thick. 

A covering of corrugated plates resta upon the bottom flange of rolled iron joista, placed longi- 
tudinally upon the transverse girders. The corrugated plates for the carnage-way are } in. thick, 
and for the fuotway } in. thick. 


a 2s OO RS OE 





WS 


The carriage-way is formed of a layer of concrete 3 in. thick, conmsting of cork and bitumen, 
placed tramediately upon the corrugated plates, upon this is a layer of concrete, tormed of Portland 
cement and gravel ¢ and upon the latter ts placed the granite paving, The tootpaths const of a 
lnyer of conerete Gin thick, covered with 3.1m. York paving 

The estimated quantities for the bridge were ,— 

tons cwt uf 
Cust iron. oa. » oe oe 6D OOOO 
Wrought nono... 69 2 1 
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Instead of the cxtremities of the cast iron ribs of this bridge being free to move, asin the ease 
of that lust dcseribed, they abut against a east-iron skewback, Figs 606, 611, and 615, the two 
litter figurcs being sections at EG and CD respectively, and are bolted tot, A suuiar arrangement 
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occurs in the compound nbaot Westminster 
Bridge The inerease in depth of the ribs 
of London Bridge, from the crown towards 
the springings, 18 to be particularly noticed, 
as it adds very much to the groc: ful appeur- 
ance of the arch, The sections of the mbs 
are given in Figs. 610 to 614, which show 
also the short cust-1ron girder which braces 
tow ther the arched mbs traneverst ly to the 
interior flanges of which they are bolted. 

Brulje over the Trent at Nottinghan.— 
This bridge, Figs. 619 to 629, was deni gned 
by M O. Tarbotton. In the vicinity of 
Nottingham the volume of the river Trent 
is both large and incunstant. The rainfall 
is quickly brought down from the higher 
chstricts mto the mam river. The water 
hag been frequently observed to rise at the 
old bridge as much aa 2 ft. within eight or 
ten hours after the fall of half an inch of 
ruin) The surface of low summer water at 
the Trent bridge is 65 ft Sin above mean 
or half-tide level at Hull. Mean summer water may be considered about 1 ft. bigher than this, 
and the mean yearly summer level is about 68 ft. 8 in. above mean tide. 

The surface of the road over the bridge is level from end to end, und is about 3 ft. higher 
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than the highest part of the formor bridge road, this being necessary in consequenco of tho require- 
ments of the navigation, and also by the riee of the large arches of the bridge. 

The bridge crosses the river at right angles to the mean course of the stream, tho waterway boing 
by three openings, each 100 ft. span. On the north side is an opening, 10 ft. in width, for the 
hauling-path during floods, and on the south side are three flood arches, 18 ft., 15 ft., and 12 ft. wide 
respectively. 

TThe foundations are carried into the rock, and the abutments and piers below the lowest water- 
mark, are of brickwork in cement. The exposed surfaces of the abutments and piers are of rock- 
fuced Derbyshire grit, the ornamental parts being of red sandstone, magnesian limestone, and 
pent. The footpaths are of Yorkshire landings, and bitumenized concen te and broken stone 

or the carriage-road, and cast-iron gutters. The parapet is of cast irou, open and ornamental: tho 
recesses and seats over the picrs are of stone. The capitals of the clusterd columns of the piers 
are carved elaborately, and the spandrils of the outside ribs are filled in with geometric 
open work. The ornamental portions are gilded and painted in relief, so as to give effect to the 
body colour of the rest of the biidge, which is painted a quict shade. Tho width of tho bridgo 
clear of the parapets is 40 ft., containing footpaths 8 ft, 6 in. wide, aud a roadway capable of 
accoinmodating three lines of carriages. 

Thia bridge has three spans, each of 100 ft. in the olear, making, with the stone archos 
of the approaches on cithor side, a total length of 700 ft., as in Fig. 619, Tho roadway of tho 
bridge is level, and stands 27 ft. above the summer level of the river, with oa clear width 
betwien the parapets of 40 ft. The cariinge-way is 26 ft, wide, and there are two footpathe, 
each of 7 ft. The north, or Nottingham spproach, has n gradient of 1 in 47, and the south 
approach 1 in 84. The material of 
the large main arches 18 cast iron, 
and each arch has eight ribs or 
ginkrs RR, Fig. 620, 3 ft. deop at 
the springing, and 2 ft. 6 in, deep 
at the crown, Fig. 621, the mewn 
Kection Jeing of an | form, 2 ft. 
9 in. doop, with top and bottom 
flunges measuring 7 in. by 17 in. 
and 9 m. by 2 in. respectively, a4 
in Fig. 624. The form of section 
of the face ribs and that of the o- 
dinary ribs is shown in Fiza 621 
and 625; and there ribs have belted 
to them transverse wrought-iron 
girders, which carry the roadway 
platform; the latter 13 forined of 
wrought-iron curved plates and Mallctt's bueklcd plates, riveted together with To oand LL iron 
stiffiners, shown in cross rection m Figs. 622 and 629. Every arch has stiong bracing frimey, 
Fig. 623, to connect the several ribs together, and all the jomts of the ironwork are pluncd true, 
and connected with irom pms or bolts, which were previously turned mmooth moe lathe, and 
titted into holes drilled, when fixed in place, through the ironwork. The face ribs, Figs. 619 and 
627, me of an ornamental character, and are moulded on the lower edges and on the upper lines 
of the arches, The spandrils are recessed and moulded, and contam medallions of cast tron, 
fitted within geometrical cuspigs enclosed: in moulded eireles on tracery The desigus for the 
enrichments vary in each compartincnt, both m size and detail. Over the arches and spandrils 


GY 


OirSds Ww"; L/ ye 


SS Or. ae pean ee - laa. Se 


\ 


VEE AERA NAY ANE fy VEILA WARN 








an omamental moulded cornice of cast iron runs fiem pier to picr, The whole is surmounted by the 
parapet Fig. 627, which is of geomctne and contmuons design, formed of cast-iron open work, 
with paterus or flowers at the intersections of the curved lcs. 

The carriage roadway of the bridge, Fig. 622, is formed, first, of a layer of Lituminous concrete, 
{o protect the irun plates from oxidation; then of a foundation of Portland cement conerete, and of 
a layer of Val de Travers asphalte. The bridge is nade strong enough to carry the very houviest 
traffic, aa will be seen frum the following deseription of the trial loads ;—The calculat d strain 
upon the ribs in the centre was 1:4 ton, when the bridge was loaded with a distributed weight of 
2 ewt. a square foot over the surface of the bridge. Then, taking the great st moving load at 
2 cwt. a square foot, the gross weight of and upon each arch would be $50 tons. It is difficult 
tu seo how 2 cnt. of live luad could be put on the bridge, except by ticating each pair of vibe aos 
8 line of railway, and placing locomutive engines thereon. There would then be eight engines on 
cach arch, eguul to 400 tons = 2 cwt. a square foot. In the fest the surfuce was crowded with 
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carts filled with ite, and passed along at all speeds without sensible deflection or much 
vibration, The Weight of the ironwork in the bridge is as under ;— 


Caat iron— tons. 
Main inside ribs... «2 se cewek 
Spandrils for ditto mr ae: ek 7. By des dar ane ca — tae 108 

ace ribs Ua witli. Oe aaa’ Ue. et: . ee 
Ornaments in face ribs c. al we we owe, Gas tee oes 
Cornice, coping, and parapet... us uses tee te 
Bracing and other cast iron.. 6. 0 6. eee eee re we GO 


Wrought iron ave 173 
869} 


The above weights do not include the aa on the approaches or the lamp pillars, 

Cast-wron Flanged Girders,—The form of gurder in almost universal use since the rescarches of 
Hodgkinson is the flanged type, Fig. 630, of which the girder used in the covered way of the 
Metropolitan Railway, represented in section and part clevation Figs. 631, 632, is a specimen. 


631. 


630 





One great practical inconvenionce attaching to the use of cast-iron girders is the necessity of 
testing cach girder in order to detect: the existence of dangerous flaws. The girders, Figs. 631, 
682, were tested in pairs by hydraulic pressure; and with a stress equivalent to a load of 45 tons 
. ; : nD 
applied at the centro the average deflection was § in. By the ordinary formula BW, = : ae a 





the breaking woight at the centre, with an ostimated ultimate tensile resi stance of 7 tons a aq. in., 
would be 


; . Gin. -5 gq. in. 
pw. 22h x2 8 se _42°5 wq. in, 


Tho horizontal strain upon any point of a girder, uniformly loaded with a distributed weight, 
will vary as the rectangle under the segments into which the pomt divides the span of the girder, 
and consequently the brendth of the bottom flange, 1f the girder be of uniform depth, or the depth of 
the girder, if the flange be of uniform width, must vary in this proportion to attain uniform strength. 
If the girder therefore be divided into segments and along its whole length, the breadth at any 
one point should be to that at any other point as the product of the four different segments, taken two 
by two, In Fig, 633 is represented a plan of u girder designed to carry a uniformly distributed 
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load, the span being 50 ft. and the load 1 ton a running foot. At every 5 ft. at the points 
1, 2, 8, 4, and 5, the strains may be calculated from the rules given, and will be found to be 22 5, 
40, 52°5, 60, and 62°5 tone reapectively. Upon any given scale, plot off these strains, or any aub- 
divisions of them, upon lines drawn poreniculsr to the axis A B of the girder, through the 
points 1, 2, 3, &c. Join all the points P, thus determined, with a French curve, unti] the whole 
figure AC BC’ A is produced. If this figure is acourately drawn, it will be found to consist of 
two parabolus, demonetrating that the strain upon any point of the flanges of the girder, produced 
by a uniformly distributed load, varics as the oniinates of a parabola. This is the true form of a 
bow aud string girder, although in actual practice, an aro of a circle is always substituted for the 
more complicated parabolic outline. When the headway is very limited, cast-iron groughs ure 
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not unfrequently used Figs. 694, 635, show those used on the 8t John's Wood Railway, where a 
thickness of 9 1n only waa available from the under side of girder to the surface of the road. At a 
span of 16 ft. the deflection of the 3 ft. wide troughs wus barely § n , under a load of 10 tons at the 
centre, 
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Brealing Weyht and Working Load of Cat iron Guders —The Commissionets appointed to 
inqune mto the uec of cast aud wrought iron for railway purposes, considered one math of tho 
breaking weight scarcely a sufhotent hinnt of eafoty for cast-iron girders when lable to perensaion 
ant deflection from moving loads = Thig interence was no doubt intlucnoed by their experiments 
on burs which were much lighter in proportion to thar loads than arc ordinary bridge girders Aw 
a general rule, one-sixth of the bn aking strain my be taken as the safo working atraiy, tor cast iron 
girders which are Hable fo vibration but when the load ts stationary and tree from all vibration, 
one fourth of the breaking strain is safe | When, however, cast tom pirlors aro hable to sudden 
acycre shocks, as in crane posts or machinery, thar working strain should not excced one caghth of 
ther broaking strain 

Lhe English Board of Trade has latd down the folowing rule for the guidance of cngincers 
in the construction of railway bridges — Ina cost non bridge the breakin, weight of the girders 
should be not lev than three times the permiment loal duc to the waht of the superstructure, 
added to mx times the griutst moving Jad that can be brought upon it Notwithstanding 
this rul engmecrs will do well not to design cast tron) girders for rulway bridges of less strength 
than #1 tiuncs the total maximum load that im six times the permanent load] added to six times the 
greatest moving load The reader who desis detail do mformation respecting the prietice of our 
mnost eminent engincers dunny the raagn of cast iron as refarr do to the cvidcnee attached to tho 
‘ Report of the Commissioners appointed to inquire unto the application of iron to railway 
structures, mm 18t9 Tt sccms cortam that the transverse stensth of thick, rectangular cast iron 
bars 1s Icss than that of thin ones, but it docs not necessamly { flow that the strongth of lage 
fang | gird re is dumimished Ly the massivencss of the casting or that they arc rdatively weaker 
than smaller zirders of similar scction for the quality of the iron will no doubt mate nally anflacnce 
thar strength Fxpenments on a large sealu can only deeide these questions which, however have 
css impc rtance now than in 1849 aa itiwvery unlikely that large cast iron girders will be cmiployed 
nounportant works when wrouzht iron is available Cat iron can be readily obtained to stand 
from 7} to 9 tons a square in hoin tensian conse yucutly the rule of one sivth allows an inch 
strain of from 1} to 1} ton, for the usual safo tensile working stram in the lower flunges of cast 
iron girlers, but this matcnal is quite unfittd for tic bars | Cast oron will sefaly bear 60 or 
7tns a square inch an compressen, provided if ta inoa frm to rest flexure but the ¢flccts 
of flexure wall semously diminish the safe unit strain fr pillars or unbraccd cast iron arches, in 
which the lie of pressure may vary 6) as tu alter the calculated unit stram very mat riall 
In practice the safe working strain of castiron arches rarcly cxeccds 3 tons o square inch 
Lor anstane =the edculated working strain in the Severn Vallyy bridye i betwen 2) and 
3tns a square meh whil that of the centre arch of Southwark Bridge is about 2 tons a 
equere inch = Lhe kreneh ministerial limit of working strain for cast iron in tension 1 one kilo 
gramme a square millinctre = 0 6$5 ton a square inch, and in compresmon five kilogrammes 
& syuare millimctre = 3 175 tous a squure inch = The dict tenmle strength of cast iron 
can be readily tested, but it uw also usual to prove its transverse atrongth by breaking small 
rectangular bara made of the samc metal, and at the same time as the principal oastings Phe 
f lowing tests arc an example, and were applied im the case of the cast-iron sliepers provided for 
the Great Indian Peninsular Railway — 

The mixture of metal to be such as would produce the strongest and toughest castings, and 
to be approved by the consulting engiuecr The contractor to cust twice cach day, from the same 
metal as that used in the aleepi rs, two duplieat bars ft Gin x 2m x Tin, and two duplicate 
castings of the form shown on the contract druwing, and «xactly lin myuare for a length of Tyan 
an the middle One of the bars to be tested on cd,¢ on bearingy 3 ft apart, by placing weights on 
the oc ntre thereof to ascertain ite (lusticity and breaking weight, and onc of the two castings to be 
tested in a suitable machine, of approved coustructi om, to ascertain the tnsle strength of the iron 

‘Lhe company s 1nspector to rey<t all slecpcrs cast on any day when ewh of the bars doa not 
bear 30 cwt placed on the centre without breaking, or when each bar docs not deflort 0 29 of an 
inch before fracture, and when cach casting does not bear a tenmoual strain of 114 tons per equure 
inch of section «Three sleepers also to be tested cach day by a weight of 33 cwt falling through 
5ft 6 in, the same having previous 7 been subjected to blows from the weight falling through 
2ft, 2f Gin, 3ft, 3% 61n, 4%, 4ft Gin, and 5ft succemively, after the sand foundation, not 
to be more t@an 24 mn. thick under the centre of the slcepor, and laid on a cast-iron bed- 
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late 8 in. thick, and weighing 2 tons, bas been well consolidated to the satisfaction of the con- 
ralting enginecr or his inspector; and whenever every sleeper #0 tested does not bear these blows, 
withont cracking or showing other signs of failure, the day's make to be rejected. papas 
after every sleoper is cast, it must ‘ted in such a manner as to satisfy the company’s 
ongineer, and the process of cooling to oe so slowly that its strongth will not in any degree be 
diminished by too rapid or gee: cooling. 

Some enginvers consider this proof rather high, and specify that test bars 2 x 1 in., placed 
edgeways on bearings 8 ft. apart, ehall support a weight on the centre of 25 owt. It appears that 
slecpers can be vbtained that will withstand blows better, without using so high a ber test. It is 
e singular fact, that there ia an excess of about 16 per cent. in the woight that a test bar 
2in. x lin. will support, when cast on edge and proved as cast, over that which it will support 
with the under side aa cast placed at the top when proved, and 8 per cent. over the weight which 
the same test bar will support, if cast on its side or end and proved on edge. The practical 
deduction from this fact is, that cast-iron girders should be cast with the tension flange downwards 
in the sand. 

Wrought-iron Bridges.—Wo shall exclude from our category of wrought-iron bridges the 
tubular and the box typea. Tho former ia quite obsolete, and in fact presents but three examples. 
These are the Britannia Bridge over the Menai Straits, the Victoria Bridge over the St. Lawrence 
at Montreal, and a similar structure of the same name over a river in Australix. The box girder 
is ulso out of date for lurge structures, and is used chiefly for supporting the walls of lurge ware- 
houses and stores. 

Wrouyht-sron Arches.—Tho theoretical rules laid down for the strains upon cast-iron arches 
apply to those of wrought iron or of any metal. We may thercfore pasa on to the practical 
examples of this description of bridge. Many engineers prefer the wroughit-iron tu the cast- 
iron arch, in instances in which tho moving load greatly excocds the dead weight of the structuro, 
and is also of a very concussive character. . 

Vutona Bridge, Buttersea.—This bridge, although in one sense a widening of an cxisting strue- 
turo, in reality constitutes a separate bridge, as the supports for the load a1e constructed upon distinct 
principles, and it rests on a different kind of foundation. The ironwork of the new bridge is uncon- 
nested with the old; but the masonry in the piers and abutments is bonded together, aud the 
fnoework of the old piers having becn taken down is re-erocted on the piers of the new bridge. 
The spans are identical with those in the old bridge, numely, four arches of 175 ft. over the water- 
way, besides one span of 70 ft. and one of 65 ft. on either bank of the river. One arch is shown in 
Fig. 686, The riso of the arches is the saine as in the other bmdge, but in the new structuro the 
horizontal girde:, running the whole length from end to end, 1s deeper, aud none of the rmvcts 
in the facowork aro countersunk, The two bridges togetlir muy, however, be considi red as one 
railway bridge, the widest in the world, possessing as it does a total width of 132 ft. from parapet 
to pnray vt, and accommodating soven lines of railway, still leaving a width of 33 ft. 6 in. available 
for platforms, 
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Although resembling cach other in appearance, there is a radical difference in the principles 
upon which tho old and new bridges have been constructed. In one an expansion joint oxists in 
tho horizontal girders ovor each of the piers ; in the other this girder is continuous throughout. In 
the first case tho rib ia simply a wrought-iron arch: in the latter it is to somo oxtent the lower member 
ofa contmuous girder. In tho old bridge tho width of the piers at the foundations is considerably 
oxtended, probably to mect tho effict of the ancqual thrust on the arched ribs caused by passing 
loads, In the new bridge tho weight acts more vertically on the picra, which are founded upon 
cast-iron cylinders, Thise cylinders, of which there are four to each pier, are 21 ft. in diameter, 
1} in, thick, filled with concrete up to the level of the river bed, and above that with brickwork in 
coment to a little below low-watr mark. At this level the masonry of the cylinders is con- 
nocted by arching, and is faced with Roche Portl.nd stone, similar to that in the old bridge. Tho 
cylinders were sunk with great facility, 

The riba R, Fig. 687, reat on cast-iron skewbacks, Figs. 638 to 640, which pass entirely 
through tho picrs; standards resting on the skewbacks support the horizontal girder at top, as 
shown in Fig. 689, to which they ure soourcly bolted. The whole bridge from end to end being 
one connected mass of ironwork, thoroughly braced horizontally and vertically, and the whole being 
riveted together at an average modium temperature, it is estumated that the eatreme effect of 
change in the temporatare would be, to put an imtial strain of 4 tons a square inch, either of 
compression or tension, on the iron. This liability to unusually great strains from changes of 
temperature, together with the uncertainty generally as to the strains occurring on the ironwork, 
1ender the widened portion of the Victoria Bridge a type of construction essentially unscientific, 
and therefore to be avoided rather than imitated. The two land spans are formed of continuous 
girdors, tho shorter ends of cach being anchored down, by a vertical plate passing down to the 
springing of the adjacent rib. The cross girders are tho Butterley Company's 12-in, rolled beams, 
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about 6 ft. apart, aud the lungitudinal bearers supporting tho rail are 9-in beams of the same 
ge og epee of this bridge there have been used 8200 cubic yards of concrete, 18,800 
cubio yarda of bnckwork, 90 000 cubic fect of masonry, 760 tons of cast iron, 3600 tons of wrought 
iron, Jed 000 cubie feet of timber in the temporary staging, and 40,000 cubic feet of timber in the 
platforms. The bndge was tested by the Government Inspector, with mght of the heaviest of the 
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Tondon Chatham and Dover Company’s cngines ‘The greatest deflection noted on tlh loaded mb 
woa Pofaninch there wis at the same time a us of of an inch on the corresponding rib in cach 
ul the adjaccnt near The deflection of tle girder ovcr the land span was of anime! under the 


bac tot At the time the older Tndge was built the use of cast ion cylinders m putting in sub- 
aqueous foundations was not so wall understood, at least on the Thames, as itis now and at will 
he wen that the projecting toc of the foundations of the piers of the old tndge was prote tud by 
sheet pulang, Which it was not considered advisable to ranove "Lhis involved some diftc ulty, and 
It was fmally decided to put im the foundations for the new bridge as porfectly distinct structures, to 
le sulsequently ben lcd to the old work Circular camsons of the dimcmsous given above, were 
therefore putin, and sunk as Close as possible to the sheet piling Ibe mode of sinking these 
cylinders posscsacs some novelty Instead of heap kc ntl dies on top, as is usually done, plat- 
forme wore constructed and slung within the cylinders, and these were Joadcd aa wis noce dear 
After the new pier had been carnicd up to a suffluent heigl t, at was connceted with the old 
by masonry yrot.cted by cist iron aprous, in the place of un old and new picr, the aprons bang #0 
cut and a as to resemble ashlar work = =Much ingenuity haw becn jiaplavad in working out 
the details of this design 
Philfrurs brody —This ws one of the largest examples of the application of wrought iron 
arches to public road Drdges Its spans arc much larger than those of Westmineter Bridge, 
Wluch ts in fact a combinution of cast aud wrought ion, since the ccntral portion of cach nb is 
quit. flat, and composcd of a wrought inco girdcr, While the baunches and 6 ringugs ure of cant 
iron ‘There are five arches in Blackfriars Bridge, the longitudinal section of belt the coutrul arcls 
having a «pan of 185 ft, agin Fig 641 
The spans of the openings are,m the Je or abutment arches, 155 ft, in the two ncxt, 

175 ft, and im the centre one 185 ft The versed wines or risa of the arches from Mpringse 
ings to soffita are im the mde arches 11 ft 7) 1u im the two ante rmiedimte archr #, 13ft Win, 
aud in th centre arch 15 ft LW2in ‘Thi woffit of the last in 25 ft above Trinity bigh-wat r mark, 
and the others in proportion, There are mint wain nbs in cach arch, placed at a distance of 
9 it 6} in. from centre to ocntre and tied together with strong diagonal bracing, rive ted to them 
longitudinally and transversely, as shown in Fig 642) Across the arches, from mb to rib are 

laced the rt bearcts, or small girders, and on the top of thon, over the whole arch of the 

ridge, buckled plates are riveted, #0 as to fonn a decking, or flooring, for the rm wiways aud 
pathways to reet upon The dimensions of the plates vary conmdcrubly, and an as follows ,— 
41 5in by dit 61m by win, 4 ft 9in by 3 ft 61m by jin, 4 ft 9m by Jit Gin by min, 
Sft Gin by 3H by fm, and 5M Gum by 4 ft Om by Aan ‘The thinner plaice arc plicext 
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ander the pathways, and the thicker ones under the roadway, Figs. 642 and 648. Fig. 644 is a 
cross section of the face girder, showing the manner in which the parapet and circular mouldings 
are fixed. In the majority of instances arched ribs, whether of wrought or cast iron, are made of 
uniform depth and uniform section. Theoretically, the arched rib should be strongest at the 
springing, not, as is too frequently assumed, on account of the increased thrust at that point, but on 
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account of the increased bending moment due to changes of temperature, rolling load, and other- 
wise, In some instances, such as the St. Louis bridge, to be hereafter referred to, the arched rib 
in reinforced in svction for a short distance from the springing. In others the rib is pivoted at the 
epringing, whereby of course the bending stresses are eliminated, and the section ftequired at the 
springing is smaller than at any other part of the rib. 

Plate Girders,— The singlo-web plate girder, previously to the introduction and adoption of the 
open-web or lattice type, was a favourite form of construction, and is still much used. When, how- 
ever, the span exceeds 70 ft, the open web will in general bo found the more ceonumical of 
the two, The strains upon the flanges of plate girders can be calculated by the rules already 
givon for those in cast iron. 

Strains upon the Web of Plute Girders—Tho strains upon the web of a plate-girder are trans- 
ferrod in a diagonal dirvotion, but for the purposes of calculation, they are assumed to consist 
simply of a vertical shearing strain, tending to shear the web right through. Two general 
casea will present themeclves with respect to the strains upon the web; one in which they 
result from o uniformly distributed or dead Ioad, and the other from a variable, or rolling 
weight, frequently called, in contradiatinction to the other, a live load. The shearing strain at 
any point of a uniformly loaded girder, is equal to the total weight situated between that point 
and the centre of the girder. In Fig. 645, which representa the skeleton elevation of a wrought- 
iron plate girder, the strain upon the web at any part E F, will therefore be equal to the total 
weight distributed over the distance Y, extending from that a to A B, the centre of the 
girder, Conacquently, if the load a foot run, uniformly distributed over the girder, be 1 ton, 
and Y be equal to 10 ft., the shearing strain at E F will be equal to 10 tons. As the weights with 
their resulting strains, are transmitted ultimately to the abutments through the means of the web, 
the shearing straine at those points will be greater than anywhere else, and will equal, as has 
been previously mentioned, half the total weight distributed over the girder, In all straight 
girders, similar to that represented jn Fig. 645, where the upper and lower flanges are horizontal 
and St raoye the strains in the web are proportional to the distance Y, but if either of the flan 
should be curved, as in a bowstring girder, they no longer obey this law, the curving of either 
the upper or the lower flange very considerably modifying the amount and position of the strains, 
since a portion or the whole of the shearing strains may then be sustained by the flanges. 
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The reste of the next case is apperently more complicated Instead of the load bel 
uniformly distnbuted over the er, let it be represented by an ordinary railway train, which 
will successively cover the rtions of the bridge in its acrous, Neglecting the 
weight of the girder itself, 1¢ 1s evident that, uf the rolling load has advanced from the abut- 
ment D to the point E F, in Fig 645, 80 as to cover the whole of the larger segment of the girder, 





into which the line EF divides it, there will be no weight si that 
portion of the girder situatd bhetwoon EF and the abutment CG Con- 
woquently there will be no woght to In subtracted from that at FF in 
the caleulation, and the shearing strain at the point will cqual that 
transmitted to the abutment At the contr, with a distributed load, 
the shearing strain i@ nothing but with a rolling load, ita value 1 
always one-ighth of that 1x ‘Tho maximum shearing stresa at any 
point will be obtamad when the rolling load covers half the bndygt and 
exten da beyond the ccntre to the giver point 

Tlite Garias—A practical example of this desenption of girder wall 
be found under Birdge in this Dictionary 

Qn Wl Grdes—The wimplest form cf the open-web girder ts 
that known as the Warren represented in Tig 646 10 which the web 
consisty cf one series of triangles | Dhe onginul Warren girder was 
a combination of cast irom struts and wrought iron tics, but owing to 
several futlures, engineers abandoned the use of cast non, and cmployed 
" the latter material only m its construction 

We shall not cuter into the relative ments of pins and rivets in 

connecting the flanges and webs of open-wel girders It will suffice to observe that in the Cromdin 
Viaduct which wa wall known example of a Warren yirdcr, the pins failed, owimy to ther bad 
prop rtiour, and have becn taken out, and rivets and gusay ¢ paces uacd to make good the yunetions 
of the web and flanges In American bridges, pin fastenings are almost cxclusively uscd, and no 
such failurca are eneounte red 

Tct Tig 646 represent a girder, umformly londed throughout is Jongth, or, what amounts 
to the sume, suppose the wepghts collected at the several apias of the triangles Sc loctin 
any bar a, the total strain upon at will be equal to the shearing strain at the apex B, 
multiplied by the com cant of the angle of the melination of the bar tu the horizon ‘Tho shearin 
strain will be equal, as already stated, to the sun of the weights situatd between the apox aiid 
the entre of the girder Tf cach of the waghts A B,C, be equal to 1 ton, then the total strain upon 
the bur x cquala 1 5 x 1 4 = 2 10 tons, assuming th: angle of inclination of the bar to be 45° 
Det we now proceed to obtam this result by considering the action of each individual weight 
Commencing with the woght of 1 ton at b, upon the principle of the Icver, five-mxths of it are 
transf rrod to the abutment K, and one sixth to H = ‘The vertical comnponent of the strain brought 
upon the bar z, by the weight placed at E, is a compresston of one mxth of a ton Similarly, the 
vertical component of strain upon sz, duc to the wught D, will be two-mxths of a ton, that of the 
weight C three sixths ofa ton, and that of B four sixtha of a ton All thes strains are com. 
pressive, and suruming up we find the total to be cqual to(4+32+3+ 4) ‘Y= lgton But 
the har cs also subject to a tensile strain from the: flectof the weight A, which is equal vertically 
to one-math of a ton, #0 that the total struin upon the bar x i equal 1g — ¢ = 1) ton as before, 
Multiplying tins by 1 4, we obtain the result to be as before 2 10 tons 

The tnatle strain, brought by the weight at A upon +, w neutralized by the compressive 
etrain resulting from the action of that at E, and the compressive straim coming from the 
weight at D w of exactly the same amvuunt as that portion of the weight at B, which does 
not pass down x towards H ‘The reason why the last bars, or those nearest the abutmenta, 
are always straincd to & maximum is thus apparent Since the weights at K and H, which 
are respectively equal to half thone at the apices of the tnangles, cause no strain upon the 
Lars y, 1’, but are supported altogether by the vertical reaction of the abutment, there is no 
neutralizing strain upon them The ber y is strained in tension by all the weights A, B, 0, D, 
E, and there 18 no compreamve strain at to be subtracted frum their united action In the 
present instance fhe bars ¢, f are also stramed to a maximum in compression, Mee eredenily 
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affected by the same weights to the same extent as y and y’, but the strain is of a compreasive 
instead o Breaker rer The bars y and ¢ and y’ and t’ are said to be pairs, that is, they are 
acted upon by strains of the same amount, but of an opposite nature. From the rules previously 
laid down, the strain upon ¢ and ?’ is a compression of half the load upon the apices of the triangle, 
multiplied by 1°4, and that upon y and y'a tension of the same amount. Both these strains 
consequently = (2°5 x 1°4) = 83°5 tons. The vertical pressure upon each of the uprights H 
and K will be equal to half the total load upon the girder, equal to 3 tons. 

Having now made clear the manner in which the bars are affected by the several weights, 
the strains upon the flanges have next to be considered. The strain upon the whole of the upper 
flange is compressive, and is induced by the bars tending to compress or double it up towards the 
contre. That upon the lower flange is tensile in character, and its tendency is to stretch the 
flange from the centre. The strain upon A B is the sum of the horizontal components of the 
strisses upon the diagonals HAand AA. That upon BC is equal to AB plus the horizontal 
components of the stresses upon the diagonals A B and B B, and similarly for any number of 
triangulations. It will be soen hereafter, that the strains upon the upper and lower flanges are 
not perfectly, although very nearly, equal, and moreover, the actual amount of each will depend in 
® great measure on the position of the load, whether it be placed at the top or the hottom of the 

irder, The strains upon the various bara are also affected by the position of the load. Let 
‘ig. 647 represent one-half of Fig. 646, and let the weights be situated as represented in the latter 
figure, the same Ictters being uso for both. Since 
it is nec to consider the action of the weights 647. 
upon only those bars that are placed btween PS 
the load and the nearest abutment, there is there- 
fore no strain whatover upon the bar O C, when 
the wiights are situated at the lowor apices of 
the Sailer Whin they were placod upon the en — 
top, the bai C © was subjected to a compressive 9 
strain of 0°7 ton, but im the present instance it 4 c 
is freo from strain. The roason of this is at once 
apparent, if we imagine the other weight to be placed at C, upon the other side of the centre 
line © F, in Fig. 647, as already explained. With a weight of 1 ton at CU, the tensile strain 
upon the har CB will be 1:4 ton, and a similar compressive strain will be exerted on 1} B 
and A A, also a tensile one of the same amount upon B A and AH, These strains are those 
produced on the bars by the action of the weight at C, which is thus accounted for. The weight 
laced at B will exert corresponding strains of tho same amount upon the bars that aro situated 
yotweon it and the abutment, that is upon B A, A A, and A H. The bar A H will finally reocive 
a third strain duv to the action of the weight at A. It is first to be observed that the arrangement 
amongst the bars 1s changed by altering the position of the load. Those which were puirs in tho 
former instance are no longer so now. ‘There is also a gicater total load upon tho girder by the 
arrangement adopted im Fig. 647. 

If we take the half-girder in Fig. 646, the whole loud upon it is 2} tons, since half ton is 
supported directly by the vertical reaction of the abutment at H, whereas in Fig. 647 the whole 
$ tuna are supported at the lower points of tho trianglos, consequently the strain upon the end bar 
Y will be greater than in the other case. In Fig. 646 it was shown to be equal to 2°5 x 1-4 = 
8:5 tons, By the same rulo it will now be equal to 8 x 1:2 =4°2 tonsa. The difference is 
evidently the diagonal component of the vertical load of half a ton, which is not carried by tho 
support, and which is equal to 0-5 x 1:4 = 0 7 ton. 

Girders with One Serws of Trangles—The Warren girder was the original t of the open- 
wob girdors, but the name, although still retuined, is not strictly applicable to girders with only 
a single system of triangulation, In fact, many of the distinguishing features of this description of 
girder have disappoared. The angle of the bars which divided the whole web into a series of 
equilateral triangles, is no longer univorsully adhered to. Rivets are frequently used instead 
of pins to form the connections, and the employment of cast iron has been abandoned. 

Tho ele shown in clevation in Fig. 648 is that of a road bridge erected over the Gangas. 
Exclusive of the sido spans, which consist of plate girders, the three central spans are carried by 
wrought-iron Warren girders, huving a clear feariue between the centres of the end pins of 60 ft., 
tho most eoonomical span under the circumstances. The bridge is supported on screw piles. 
An elevation of one girder is shown in Fig. 649. The hg of the girder from centre of pins in 
the uppor and lower flanges respectively is 6 ft. 11 in. The upper or compression flange is of the 
trough shape, composed of horizoutal plates and angle izone of the several lengths Fig. 650, 
while the lower consists of vertical bars or links 6} in. iu depth, but varying in number and thick- 
ness according to their position in the flange, being a maximum in both at the contre, and a minimum 
at the ends over tho The girders are not continuous over the piers, but are carried upon 
rollors over the standards, Upon these rollers the upper flange rests, so that the girder is rally 
suspended from the top flange, the vertical tio-bars at the ends of the girders constituting the 
suspending rods, Fig. 649. This method of support is very similar to that employed in the 
Crumlin Viaduct, Tho diagonal struts are made up of TT irons and plain bers, while the ties 
consist of the lutter only. All the T irons in the struts have a uniform section of 4} in, x 3 in.. 
x 2 in. and all the bars are 6 in. x } in, with the exception of the end ones, in which the thickness 
is increased to J in. It is to be noticed that the diagonal bars in the web of the four central bays 
aro counterbraced, that ia, the ties as woll as the struts are composed of both ‘T irons and bare. 
‘ue diagonal ties in the remainder uf the woh are made up of plain bars all 6} in. wide, but 
varying in thickness from %& in. to43 in. The struts and ties at their intersection with the flanges 
are conneoted together by pins turned all over, with slotted collar holes. The pias vary in diameter 
from 2} jn, to 2} in., and in length from 1 ft. 1} in. to 1 ft. 73 in., and pam completely through 
ouch Hauge. A portion of the longitudinal girder which carries the roadway aad of the uprights 
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Yhe manner in which the wrought-iron plate cross-girdera, the longitudinal, or side girders, and 
the corrugated iron plates are secured together, is shown in detail in Wig. 651. This type of floor 
plates is unusual and not to be recommended for general adoption. 

The ends of the cross girders rest upon a couple of b: ts 6} in. x f 1n., which are in form 
angle irons, with one long and ono short side The shorter sides have holes dulled 1n them to take 
turned bolts, while the longer have similar holes of larger diameter, through which the pins pass 
to connect the diagonal bars in the web with the flanges. There 18 some riveting in the to 
flange, although pins are used for the attachment of the diagonal bars, and nveting 18 also requ 
in the cross girders and general erection An elevation of the end of the upper flange 1s shown 
in Fig 652, and a section of the same in Fig 653, The section 18 rather peculiar, inasmuch as 
the horizontal plates are not carried continuously through the entire breadth of the flange, but 
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consist of two half-plutes, as they might be called, and are riveted to the angloirons Figs 654 
and 655 represent an elevation and plan of the jomts in the upper flange The angle irons are of 
a heavy section, 71m x 8in x { im The great disproportionate length of one side 18 due to the 
noceasity for providing sufficicnt hearing arca for tho pins, which, owing to their greater diameter 
as compared with rivets, occasion a heavy joss of matertul The pins are placed at the ccntre of 
the angio trons instead of ut the centre of gravity of the cross section of the top flange, a mistake 
very commonly made, though it entails an increased strain of from 20 to 50 pcr cent, according to 
tho amount of the orror Figs 656 to 659 aro of the details of the rollers, which are placed over 
the supports at one end of cach girder, the other end of the girder being fixed, 





Latte Girders —Tho lattioo girder, instead of consisting of a single system of triangles, embraces 
in the web several series of trinngles, and from its greater lateral rigidity 18 better suited than tho 
Warren for large rpans Tho troduction of the Jattice girder marked an important epoch im 
bridge buildimg, and the open web typo has since maintamed its ground with all engineers who 
underatand the trne economy of such structures Dhffirent forms may be given to the flanges 
but the peouliar character of the wob constitutes the clief value , 
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In Fig. 660 ie re ted the akeleton elevation of a lattice girder, with three series of 
triangles, A, B, and 0, igcralat airsiraeats are totally independent of one another The load 1s 
supposed to be uniform) uted over the top of the whole girder, and conequently equal 
portions of 1t are situated on the several apices of each system of tnangulation. 
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Let us tako the case of the weight placed upon the apex A‘. It is, upon the pri the 
lever, conveyed to each of the abutments D, by ae of se bara A' A, ‘A i" A De ae ke A’, 
A* A®, A? A%, A*D, and is considered to produce no practical effect upon tho bars of the other 
systems, B and C, at the points of their intersections with its own system A. 

__1t is assumed that whether pins or rivets be employed for connecting tho diagonal bars of the 
different systems, they do not act as a medium for the transference of strain, but aimply bind the 
bam together, or hold them in a vertical plune, Thooreticully there is nu doubt but that some 
slight strain is induced, but as we are dealing with the subject principally in a practical light, we 
shall not now discuss the question. There are two methods of arriving at tho strains upon the web 
of a lattice girder, an approximate and an exact one. The former consiata in supposing tho total 
load distributed upon the apices of one system only, determining the strains, as in a Warren 

egirder, and dividing them by the number of series or systems of triangles. Whero the girder ia 
amall, and the systems of triangles do not exceed two, and the bars are pretty close togother, this 
approximate method may suffice, but it should never be used upon a large scale, or where 
it is desirable to obtain a very accurate result. Referring to Fig. 660, and supposing the bars 
A A, A A’ to be pairs, the strain upon either, divided into three parts, auld ant afford an 
accurate result for each of the correspunding bars of the other systems. ‘I'o ascertain the atraina 
not only upon the bars of the web of a lattice girder, but also upon the different parts of the flanges, 
there is but one true method, and that has been explained in the analysis of the Warren girder. In 
Fig. 660 the load should be considered as uniformly distributed, and the strains reaulting from 
cach separate weight obtained and tabulated as described. In applying the mathematical 
formula already given to the determination of the strain upon any bar of a lattice girdor, care 
must be taken to include only 80 much of the load situated betwoen the bar and the centre of the 
girdor, as is placed upon the apices of that particular system of triangles to which the bar belongs, 

So far, there appears to be no difference in the general disposition and nature of the strains 
induced upon both the Warren and the lattico girder. But if wo examine the strains brought upon 
the vertical ends of the girders, or pillars, as they aro usually termed, a notable differonee will be 
perceived, Confining our attention to the one system of triangles in the elevation in Fig 660, 
which commences at A over one abutment, and terminates at A* over the other, wo may considor it 
to represent a Warren girder. Under these circumstances it has been ulready demonstrated that 
the only strain brought upon tho end pillars A D, A? D, is a vortieal one, which is equal, for each 
pillar, to half the total load ae the girder, This is worth remarking, as it points out that any 
vertical load will be ultimately transferred to the points of reaction, without altering its original 
value at those points, notwithstanding the manner in which it may be transferred, and the number 
of atrainag to which it may give riso in the various bars, considered tu act as the medium of ite 
transference. Again, referring to Fig. 660, and regarding it as the clevation of a lattice girder 
with throc systems of triangles, it will be seen that two burs, BE, CE, are connected to the pillar 
AD, and two others, 0? KE, B'E, to the pillar A? D, Consequently, the strains upon these bars 
must be resisted by the Pirie and it remains to ascertain of what nature are the strains which the 
ie? undergoes. It will be sufficient to take the case of one pillar, AD. Of the two bara, one, 

K, is a strut, and the other, C E,a tie; consequently their strana may be resolved into ther 
components, one in a vertical, and the other in a horizontal direction. 

This in shown in the diagram in Fig. 661, in which A D is the vertical pillar, and BK, CK the 
strut and tie. Let the compressive strain upon BE be equal to 1 ton; and since this tends to 
push the pillar A D outwards, produce the bar BE beyond the 
pillar, aid lay off upon it the distance EF, representing J ton; 661. 
draw FH to mect the pillar at Hy; then F Hi equals the horizontal 
component of the compressive strain upon the bar, and tends to 
push the pillar outwards. Now, suppose the bar C EF to be under 
a tensile strain of 1 ton, it will evidently pull the pillar inwards, 
with the same amount of force with which BE pushes i¢ outwarda. 
Making EF represent 1 ton, and drawing F Hi to meet tho pillar, it 
is plain that the horizontal components, being equal and in opposite 
directions, balance one another, and there is in that case no trans- 
verse strain upon the pillar. But if the strain upon one bar exceed 
that upon the other, then the transverse strain is equal in amount 
to the difference of their horizontal componenta, These horizontal 
components, which in the case of the intermediate bars BE, C Ek, 
must be resisted by the pillar A I), are analogous to those which 
are at the top and bottom of the pillar, and cause compressive and 
tensile strains respectively upon the upper and lower flanges. 

The object of departing from the simple Warren girder, and introducing secondary systems of 
triangles, 1s threefuld. First, in the lattice type, the points of attachment between the upper and 
lower flanges are multiplied, and a more uniform distribution of stress in ensured; secondly, the 
flanges are not subject to any transverse strains from the croes girders or otherwise; and 
thirdly, the struts in the web itself are by mutual support made a great deal stiffer, and better 
adapted for the case of deep girders. It is evident that if the apices are too far apart, that is, if there 
are not a sufficient number of scries of triangles, the assumption that a uniformly distributed load may 
be considered collected upon the apices, will net hold good, and the assumption becomes still farther 
from the truth, in the case of a moving or variable load. Each portion of the flange between the 
apices or points of attachment of the web, becomes in rcality a ahort girder, and the entire flange 
approaches the conditions of a continuous girder. At the same time, sinoe the real economy of the 
lnttice form is to be found in its web, the must not he placed too ncar each other. In other 
worda, there mgust not be too great a number of separate triangulations. 

The simplest practical method of calculating the strains upon a girder, due to a passing load 
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weight, s to cdlculaté the strains upon the assumption that the total load upon the 
eiaee, tneladiog ta own weight, is uniformly dletzibuted over the ees One advantage of th's 
method is, that we at once obtain the maximum strains upon the different parts of the upper end 
lower flanges, since they take place when the passing load covers the whole span, that is, in reality, 
when it is uniformly distributed. The strains having been calculated upon this assumption, the 
design of the girder can be proceeded with; and the effect of the moving load upon the various 
bars, obtained by n graphical diagram, can be allowed for, by increasing their dimensions, if necee- 
sary, oF by ce ol a By counterbracing any portion of a structure, is meant, bracing it in 
such a manner as will enable it to resist a strain of compression as well as one of tension. 
It is sometimes assumed that there is no strain upon the central bars of the web, simply because 
that is the condition obtaining under a uniform Joad; but Table UI., which Fig. 662 illustrates, 


demonstrates the fallacy of all such loose conclusions. e 
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iH — 5°41; — 0:36 + 0°36 — 0:36 + 0°36 — 0°36 + 0:36 | — 0°36 
K — 4:68 | + 4:68 — 4°68 — 1°07) + 1:07) — 1:07 4+ 1:07 | — 1°07 
L —~ 3:96 + 3:96 — 8:96 + 3:96' — 8:96 — 1°80 + 1:80 — 1°80 
M — 324/439! — 8-94 + 3:91! ~ 324 4 3:24 — 8-24 — 2°52 
M, — 2:52) + 2:52 — 252 + 2:52 ~—~ 2:52 4 2°52 — 252 + 2°52 
L,, — 1:80) + 1°80! — 1:80 4+ 1°80 — 1°80 + 1°80 — 1°80 + 1°80 
K, — 1:07) + 1:07, — 1-07 41:07, — 1:07 + 1:07 — 1:07) + 1:07 
Hi, — 0°36 | + 0°36 | — 0°36 + 0°36 — 0°36 + 0°36 — 0°36 + 0°36 
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Total — 23°04 | 417527 | 17-27 | + 11:52 ee + 5:76 — 5:76 — 0:00 
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Posdtion of a, ee mn Be sk ea tak 
1 bM, | MD | ph | we | ck, | kB | Bu, | men 
H + 0°36! — 0-36 | + 036) — 0°36 | + 0°86 ~— 036 + 0°36 — 0°36 
K + 1:07) — 1:07 +107 — 1:07; +107 -— 107) 4107 — 1:07 
L + 1:80! — 180 + 1-80, — 150) +180 — 1-80) + 1°80 — 1-50 
M + 2:62 1 — 2-52 | + 2°52) — 2:52) + 252 — Qh | + 252 — 2-52 
M, — 2:52 — 32! + 8-24] — sot] + 8-2t — 82! 4 Bet — 8-24 
Ti — 1°80; + 1°80! — 1-80 | — 8°96 + 3-96 — 8°96 + 3:96, — 3-96 
K, — 1:07 | + 1:07, — 1°07 | + 1°07} — 1-07 — 4°68 | + 4:68 | — 4-68 
H, — 0°36 | + 0°36 | — 0-36 | + 0°86} — 0-36 +4 0-86 | — 0-36 | — 5-41 
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Total — 6:00 = 5°16 | + 5°76 | —11°52 | +11°52 17-27 | +17°27 | —23°04 


| 

Tho present example only includes the case when the load is situated upon the bottom 
flange; but, from what has bien stated, there will not be the shghtest difficulty in applying the 
sano principle to the other instance, where the load is placud on the top. There is this differ- 
once ta be remarked in the two oxamples;—Whon the load is at the top, the strains upon 
both dingonaly nonrest to the luad will be compressive, and tonsile when it is upon the lower 
member, To rendor the explanation complote, it is necessary to construct another table, showin 
the inaximum strains of both kinds that the bars are subjected to. This is readily accomplish 
by adding together all the straina that have the same sign, and tubulating them under their 
respective bars, A reference tv Table IV. will indicate at a glance the relative maximum strains 
that the bars in Fig. 662 are subjected to, by the action of a passing load of 0°5 ton a foot run. 

If the load be suppoeed to advance from the opposite end of the girder, of course the bars will 
change places so far as the strains are concerned. 

Table IV. shows that the maximum strain upon any bar takes place when the load covers the 
longor segment. The maximum compressive strain upon any bar that is a tie, takes place when 
the load coverg the shorter ya aes and the maximum tensile strain upon any strut under the 
same conditions. From this rule must be excepted the two central bars, which will be affected, 
acoonlingly as tho load is on the upper or lower flange, in a different manner. Tt strains upon 
0 lattice girder, with two or moro systems of triangulation, resulting from a moving load, can be 
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caleulated by the rules already given, bearing in mind, that it is only tho di 
system upon the apices of which the load rests, that are afforted bene ad . pire 
bars suffer no strain until some of the apices belonging to their own system are loaded. In the 
— instance the moving load has been consid to be of greater amount than it really is, and 
e conclusion to be drawn from the investigation manifestly is, that in all bridges of small span, if 
the strains be caloulated upon the assumption that the total load, live and dead, is uni omy 
distributed over the whole span, there is not much difference occasioned in the strains with the 
exception of the middle bars. But in practice these bars are generally of the samo scantling ag 
those in their immediate vicinity, and are therefore strong onough. The principle to be kept in 
view is, thut if the permanent or dead load bear a very large proportion to the moving or live loud 
the effect of the latter in augmonting the maximum strains upon tho bars will be very trifling. 
If, on the contrary, it be seal, then the moviug load will considerably modify the oxiating strains. 
It is a simple question of the preponderance of ono load over the other. In practicully designing 
the girder, care must be taken not to cut down the matorial too fine, eapecially when providing for 
the action of a moving load. This is the more nocessury, as the strains that atv calculated, are 
supposed to be simply those resulting from a load, successively superumposed upon different parts 
of the girder. No allowance is mado in tho theor tical calculation for tho violent shock, conetue 
sion, and consequent vibration that attend the passage of a heavy train over a bridge. This must 
be allowed for by experience, by the introduction of such additional bracing as the skill of the 
engineer suggests. It is for this reason that tho calculation of strains and tho determination of 
the sectional area required, should proceed with the design and the actual drawing of the girder, 
It is not sufficient to design a structure that shall merely rosist the forces to which it is subjected. 
It should regist them in the best aud most economical manner, which can only be ensure by a 
practical knowledge of ironwork. It would be to little purpose to give the web of a plate girder 
the number of square inches required to resist the shearing strain, unless it were stiffened in a 
manner that would allow of its being able to receive the stiain properly. Theoretical! bpoaking, 
the web might be strong enough, but practically it might be so weak that it would buckle up under 
a fourth of the calculated strain. 








Taney IV, 
Maximum | Maaimum | Maximum Maximum 
Bars. Compressive Strain) Tensile Strain Lats. Compressive Strain Tonslle Strain 

in Tons. | in ‘Tons, | | in Pons, | in ‘Cons, 
AH .. .. 0-0) axon 60) EM, ww | B75 5°75 
HB... 17°63 0°36 MD... 3°23 99 
BK... 0°36 17°63 PDL, sc ss | 8°99 B28 
KO. iy. 12°95 M43 61d LO... 1°43 12°95 
Ol 4. x 1:43 12°95 CK, .. .. | 12°95 143 
Bid: 66. es 8°99 3° 2s K,B .. l 0°36 W7°is 
DM .. .«. 3°23 8°99 | BH, 17°68 0°36 
ME 3°75 5°75 Ali, 0°00 235 °O% 








In railway bridges the bending moment is always somowhat grcater than that due to the dend 
weight of the train, because irregularity of road, wind pressure, and other disturbing enuses tend to 
increase the stresses. Again, it is now universally admitted that a lower working strain should be 
taken in structures subject to frequcnt bendimgs, and in which the live load ts considerable as com- 
pared with the dead. The following table, due to B. Baker, exhibits the rolling load and working 
tensile strain which it would be advisable to adopt for first class railway bridges in England ;~ 


TasLe V.—RoviurxGa Loaps anp Srrars On Rartway Brivoes, Baker, 








Rolling Load s Foot Run, Single Line. Tensile Strain a Square Inch. 
Span. vee SS 
| Normal. Increase, Lifect, Standard. | Decrease | Working. 
| Go. , per le cwl une per " nt. _—_ ‘ 
10 2 ry’ 5 ‘ 
20 | 48 10 53 ” 18 4°1 
go Ot 7 45 16 4:2 
60 30 3 31 ” I: 4-3 
100 27°5 Nil 27°5 " 10 4°5 
150 25 ‘ 25 ” § 4°75 
200 22°5 +“ 22°5 ” | Nil 4 
275 i 20 20 ” Nil 5 





Where long struts are used, the unit strain should vary according to the length. American 
engineers have given grent attention to this question, and have made many experiments. The 
following are the results obtained, in dne very important series of experiments on the strength of 
wrought-iron columns of varying sections, and formed part of the specification for the bridges on 
the Cincinnati Southern railways ;— 

Table Vigcontains the average or mean results of experiments mide on wrought-iron colamns 
and strats of various kinds, prepared by four bridge companies. 
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Taste VI.—EXPEeRIMENTs ON WrovcHT-In0N COLUMNS. 





| 
Sq inch | 
a Square inc 
Length Sectional Ares 
of Column, {in Square an —— a aces eae 
i Ge 
feet in. 
5 0 14-25 83,600 663—sid 
15 0 14°09 37,500 664 
15 0 14°62 30,000 665 
15 0 23°67 32,000 666 
26 0 25°05 24,000 667. 
26 0 13°60 30,000 G68 
28 63 5°68 $1,700 669 
12 3 6-00 17,600 670 


669 670. 





From this table the value of tho constant f can be calculated fur cach column, by Gordon's 
formula, and also by the formula given by Bankine, in which the radius of gyration of the section 
a 


is used in place of the smallest diameter, for by substituting m for the fraction Tie or for 
7a 
oe thero results f = ne tho dimensions to satisfy which aro all given in the table, 
Poff 
Gordon’s formula... oe ae 
1 +A? 
Rankine’s formula . re 
: “8 a’ [2 
L472 


P being tho ultimate load producing the crushing or bending of column. 
§, suctional arcu of column in square inches, 
f constant, supposed to be equal to tho ultimate rosistanco a aq.in of a short column, whose 
length is equal . its ue er 
or columns with flat bearings «0 ww we weet ewe Sys; 
a-copelnnt {For columns with flat bearing at one end and rounded at the other = a 
a’ conatait For columns with fiat bearings. ww kee ee we Sond 
For columns with flat bearing at one ond and rounded at the other = s5%uy 
i, length of column in inches, 
hk, diameter of column in the direction of its great defi ction. 
r, radius of gyration of cross section of column in the direction of its greatest deflection. 


In order to test thoroughly the mathematical correctness of the formula, experiments should 
have been mude with the same pressure on columns of different lengths and shapes of cross section, 
made of the same iron, of uniform quality, and all fittings made and measurements taken with 
great precision. Ail thea conditions could not be realised. But for the objects in view, which 
were,to ascertain whether tho formula could be applied in practice, with very approximately correct 
results, and if so, to determine the correct value of the constant f, scientific nicety was not 
necessary ; it was proforable, on the contrary, that the conditions of the experiments should be the 
saine as those actually met with in posts and struts, as thoy stand in iron structures. 

The following general conclusions can be drawn from the examination and comparison of all the 
teats made on columns ;— 

For columns of the same shape, of different lengths, made of the same kind of iron, the values 
of f calculated from the formuls, do not diffor more than can reasonably be accounted for by the 
ordinary want of uniformity in the quality of the iron, the differences not being greater than those 
betweon the ultimate tenaile strengths, obtained with imens of iron of the same manufacture. 

For columns of different shapes of cross section, and made of different kintis of iron, the values 
of f calculated do not vary more than does the strength of iron of different manufacturers. Columns, 
however, should bo tested in a vertical, and not in a horizontal position as these were. But if 
teated horisontally, each column should be counterweighted with a weight equal to half its own 
weight, attached by a chain to the centre, and porne over a pulley. 

rdon’s and Rankine’s formuls: must both be considered as practically correct, for columns with 
flat bearings at the ends, of different lengths and shapes of cross section, provided the ultimate 
strongth of one column made of the iron to be used be determined, so that the value of the constant 
ttn bo applied in the formuls may be calculated. This constant being very approximately propor- 
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tional, but not to the ultimate strength of the iron, and not : 
emaller for Beatie’ than for Gordon's.” tho same in the two formule, being 
For columns hinged on pins at the ends, Gordon’s and Rankine’s formula for col ; 
at one end and fixed at the other, will give approximately cor : ae abe ed 
as noted set ; i Bive APP y coriect results, provided f be determined 
For swelled columns, the formule are also applicable, provided tho diameter at tho ¢ 
It is of great or wa for all built columns, and essccially for opon at fines 
parts should be well riveted at the ends, and that true and even bearings at the ends bo obtained. 
Some of the tests confirmed the fact already pointed out by some exporimentera, but not uni- 
versall admitted, that wrought iron, when submitted to a pressure beyond that corresponding to 
its limit of elasticity, and allowed to rest, will afterwards possess a higher lmnit of olaaticity. 
Diagram of Forces.—The strains upon an see girder may be obtained from a diagram 
of forces, Figs. 671 to 674, in which cach line gives the total strain upon any particular 
member of the girder; the strains are first deduced by the ancoessive resolution of ‘the weighta 
at each joint and subsequent summation, as shown in Fig. 671. A comparison of the 
strains by ecale will point out that the totals agree with complete acourmcy. Fig. 671 ropre- 
sents an open-web girder, with the strains calculated upon the one half, on the supposition 
that the weights are situated on the top flange, and on the other half that thoy aro placed 
upon the bottom flango. The girder is 60 ft. in cloar span, with a depth of one-sixth of the epan. 


671. 
Caloulahonw of Strains for Dead 
of3 f 





Seale 80 Tons to arn Inch 
oe 673, or 
i ad om batori Flay 
6 pda 


lead mm tap flanae ie 





Jeale 30 Tuna w andach 


The total half-load = R = R, = 22°5 tons, which gives 9 tons at each apex. The dotiod ines 
in Fig. 671 represent the strains, and the diagram of furces for tho strains with the loud on 
the top flange is given m Fig, 672, and for those on the bottom in Fig. 673. a the 
moving load to have advanced from A to EK, the etrains will be found given m the diwgram of 
forces in Fig. 671. It will be observed that there is some difference in the amounts of the strains 
induced on the different members of the girder, accordingly as the loud is situated on the top or 
bottom flange. When the load is aituated on the upper flange, the total strain upon the contre of 
the lower flange is greater than when the load is on the lower flange iteclf. The strains, in fact, 
upon all parts of the lower flange are greater when the load is placed at the top, while under both 
cases of loading, the strains upon the different parta of the upper flange remain the same. So tar 
therefore as the weight of metal in the flanges 1s concerned, it would be more economical to lowl 
aun upon the lower than upon the upper flange, and in pructico this is generally found. 
nspection of Fig. 671 will show that with the load on the upper flange, the strains upon the 
diagonal bars in the web are also greater than when it 18 placed on the lower flunge. The strain 
upon the centre diagonals is 6°37 tons instead of zero, and upon the end bars 31°87 instead of 
-20 tons. The value of the reaction at the abutinent will be the samo in either case, that is, 
R=R,. Tho diagrams of forces in Figs. 672 to 674 are reciprocal diagrams, In other words, 
all the bars enclosing a space in Fig. 671 will meet in a point in the diagrams. In cuares iF 
these two methods of calculating the strains, this peculiarity will be found very useful, as it 
will enable the lines representing the different parts of the girder to be readily ssocr’ ea tee 
example, take the triangle BC D in Fig. 671 formed by the burs BC, UD, an BD. 
upon these are represented in the reci 1 disgram Fig. 672 by the corresponding lin 
and BD, which all meet irpthe point M. The lines in the diagrams are lettered only for the strains 
upon half the girder, although d are drawn for the whole girder, the unlettered lines, 
beri are exactly equal in length to the lettered lincs, representing the strains upon the other 
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Lattice Girders.—The practica 
is a design for a large public road 
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1 example, of which the 


particulars are given in 675 to 685, 
ridge in Indis, and is shown in ge : 


elevation in 


Fig. 675. The bridge consists of five spans of 60 ft. each between the centres of the nearest 


columns. The columns and screw piles which 
carry the bridge are of cast iron, and are in 
see with a distance of 4 ft. 6 in. between cen- 
rea. The rs are not continuous over the 
piers fo Bar double columns, and are of 
wrought iron, having a depth of 5 ft. 6 in. from 
out to out of The web has two series of 
triangles, or one intersection of the diagonal bars 
at exactly the half depth between the flanges. 
Each girder bears at the extremity meen the 
column nearest to it, and throws no weig 
the other, which is etter to carry its own 
load, in supporting the adjoining girder. A cast- 
iron bed-plate, under the bearings of the er, 
connects the heads of the twin column, so that in 
the event of any alight settlement taking place 
in one of the columns and not in the other, the 
unyielding one would be able to assist that adja- 
cent to it, supposing the cast-iron bed-plate did 
not give way, under the cross strain caused by the 
difference in level of the ends of the two girders. 
Fig. 676 is an elevation of ono girder. The 
upper rai is composed of two angle irons 
6 in. x Bh in. x § in, and one horizontal plate, 
continuous throughout the girder, 18 in. x 7 in. 
at the centre for a distance of 10 ft. 6 1n., 18 in. x 
fin for a distance of 10 ft. 10 in., and 18 in. x 


t upon 


in. for the remainder of the flange, The lower 

ango is similarly built up, with the exception 
that the horizontal plates are of different lengths, 
and vary in thickness from }in. to Zin. The 
rivets aro [ in. in diameter, and have a pitch of 
44 in, from contres. The diagonal bara in the 
web aro inclined at an angle of about 60°. The 
struts are of TT iron, and aro double, varying in 
dimeusions from Sin, x 2 ft. 2 in. x 44 in. to 5 in 
x Bin. x gin. Tho ties are of bar section, and 
uro also in pairs. ‘Their scantlings vary from 4 in. 
x Zin. to5in. x gin. Atthocontre tle diagonal 
ties are of T iron, the web bemg thus counter- 
braced at that ia The covers are all 2 ft. long 
x { in. thick. Figs, 077, 678, are an end elevation 
of one of the main girders over the pier, together 
with a section of some of the oross-giiders. A 
sectional plan in Fig. 679 is taken through Fig. 
677, and shows tho arrangement of the cross 
girdors, tho longitudinal iron or runners, 
and the diagonal horizontal bracing. The cross 
girders are spaced every $ ft. %4 in, from centre 
to centro, except noar the piera, whero tho 
distance is inarcased to 4 ft. 73 in. Over the 
jers the distance is reduced to 4 ft. 6 in.,, which 
s equal to the distance betwoon the contres of 
the twin columns. <A solid wrought-iron plate 
18 in. x gin. in thickness is rivoted to the 
of the ends of the girders, which are thus clueed 
in at the extremities. Fig. 680 is a transverse 
section of this bridge. The breadth of the flange 
is 18 in., the depth of the main girders 5 ft. 3 in., 
and the inside width of bridge in the clear 18 ft. 
The cross girders are of the trussed form, and 
are constructed of flanges of T iron 5 in. x 4 
in. x ¢ in., and Jattioe bars. The struts and ties 
main girders are braced together in the 
cross section by diagonal bara 24 x 3 in., 2 in. x 
jin. For so short a strut, with the exception of a 
horizontal piece at the centre of the section, this 
bracing is superfluous. Between the 

irons, at intervals of 8 ft., 

e buckled roadway plates 
them is placed the 
wide is provided at aide of the 
is to be observed that the JT iron 
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flange of the cross ere is forged all round the ends, and an end plate 2 in. thick forms th 
termination of the ae The cross girders are all riveted, to the eh flange of the or 
girders, and are suspended from them by the rivets, a modo of fustenmng which 18 not so good 
rate they rested directly upon tho lower flanges in the openings, or diamonds lk tween the lattice 
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In Figs. 681 and 682 are the columns and cross bracing = The horizontal bracing consuts of a 
transverse plate girdcr at the top of the columns, undemcath the bearings of the main girders, and 
a pair of ‘FT irons 4m x $in x 3.1m lower down, whire the flange oe of the columns occur, 
Between these vertical points diagonal brucing, compomd of double T irons bin x din x gan, 
1s fixed to the columns by wrought iron rings or collars, and wrought-iron bolts 1} 1m 1m duane ter, 
A similar description of bracing 1s fixed in the same manner to the double columns in the plano 
of the mam girders as n Fig 681 The mings or collara, which are all $m in thickness, are shown 
in Figa 683, 684 Double fillets are cast upon the columns betwen which the rings are placed 
and bolted to the bracing Lugs are frequently cast on the columns for attaching the cross brucin 
instead of nngs = It 18 obyceted that the rings are very often broken, but if they ure made suffl- 
ciently strong, this objection has uo real foree They are much cheaper than the collars Fig 685 
represents an elovation of a portion of one of the screw piles The pitch of the screw in 8 in, and 
it makes ope complete turn and a half round the body of the pic, which has uniform thickness of 
mcial 1} 
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Bowstring Girders, Strains.—The calculation of the strains upon the various parts of girders 
which have one or both of their flanges curved, is much more complicated than that belonging to 
the class of structures we have been considering, in which both flanges are horizontal. This 
is chiefly o to the continuous variation of the oe of inclination of the curved flange, 
as well as of the diagonal bars in the web. In addition, by reason of ite form, the girder 





treuches upon principles which do not prevail in tho horizontal type of construction It was 
found that tho rulo in straight girders indicatcd a varying strain throughout the flanges, diminish- 
ing from a maximum at the centro to zcro at the ends = The reve ree took place in the web, except 
under sp cial conditions of loading, Wath a uniformly distributed load, tho diagonal bars 
underwent a minimum strain at the contre, equal ain a 

to z.ro, and & maximum at the ends, the amount 

of tho latter bang invariably equal to half the 

total load upon the girder, multiplied by the 

corocant of tho angle o 


the inelination of the bur 
to the horizon. These conditions do not prevail a 
in the clugs of guders wo are about to inves- $ ”? ae il mk 
tigate, but are almost compltily reversed In 
the flanges the strains become nearly uniformly 

equal, throughout the whole length of the pndor, 

and the maximum strains of compression and t nsion occur in the diagonal bars, situated not near 
the ends, but at the centre of the span, In Fig 686 18 represented a bowstnng girder, with a 
single system of triangular bracing ©The spun is 40 ft, the depth at the centre 5 ft, and the rate 
of Jonding 1 ton a foot rum upon the bottom flange. It 18 requned to find the strams upon the 
flanges and web, undcr all conditions of loading. — In thos case it 18 better to ascertain the strains 
for cach woight m succession, as the addition and subtraction of those of different sign, wall 
determine the stzains for a uniform load = When it 1s only necessary to ascertain the straims for a 
uniform loading, there 18 9 readier and simplcr means of Jeiceaniatin but in the case of a large 
girder 14 would bo nocossary to follow the course we are about to adopt. The load at each apex, 





referring to the diagram, will consequently be equal to 5 tona, and, upon the principle of the lever, 
this will be transferred to each abutment, in portions in the mmverse ratio of their corresponding 


distances. Let us commence with the 5 tong at the apex I”. Of this weight, ° - : = 4°375 tons 


will bo transferred to the abutment A’, and tho rest, or 0°625 ton, conveyed to A. It is with this 
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ee ee ee ee reaction at A. It is finally 
portion of the upper flange represented by A B, and on arri 
at A, is resisted by the e of the lower in general, and by the last bar of st, AF, 
in particular. The first step is to uce all the te bars AB, BC, OD, DE, BE’ of 
the upper flange to any convenient length, as shown in Fig 686. Although, practially, the 
curve of the upper flange 1s an arc of a circle, yet for all the purpoecs of caloulating the strains it 
is regarded as a polygon, the sides of which are obtained by joing, by straight lines or chords, 
the respective apices of the triangles The scale upon which Fig 686 18 drawn w almoat too 
small to mndieate the differcnce, but the left-hand half of the upper flange is shown as a polygon, 
while the rigtit half us an arc of a circle, Where an approximate method, by the usual formule for 
horizonta) girders, 1a employed for determming the stmuns upon tho bow and the string, the upper 
curve 18 considered to be a parabolae The weight of 0 625 ton beng the vertical reaction at A, 
make Aa equal to it upon any conveni nt seule, and draw ab to moet A B praluced, a5 and A} 
will equal the atrams upon AF and AB, due to the portion of the weight at F', which ts 
conveyed to A Tho strams upon BC, BE, and FH are now required Upon A B produced lay 
off Bc = Ab, draw: c’ parallel to B F to meet BC produced, Bv’ is the strain apn (‘, and ¢¢’ 
that upon the bar BF, the former being compresaive and the latter tenmle If « c’ be now laid off 
upon the bar BF, and cd drawn parallel to tho lower flange, then ¢d will equal the stram upon 
FH, and F d that upon the bar FC = The total strain upon FHL will cqual ad +cd = Tho strains 
upon (' D and ( H may be obtamed from those already found for BC and FC, and thoro are two 
methods of determination They may be deduad by taking the strains upon BC and FO 
separately, aud resolving these in the directions of ('D and C HL, or by first finding tho resultant 
of the former strains, and then completing the parallelogram of fore.s To flud the strains upon 
CD and CH, aah oft upon BC produced, the heigth ( «’ = Be’, and from e’ draw ¢’f’ parallel to 
Fc and equal Fd A line drawn from C€ to 7’ would represent the rcaultant of the strains in BO 
aud FC From the point f’ draw fy’ parallel to CH, and Cq’ rn presenta the strain upon CD, 
and fy’ that of tension upon ( HO Making H/ = fy’ draw fy parallol to the lower flange, and 
Jy gives the strain upon HK, and Hg that upon the bar HED Tho total strain upon HK equals, 
convequeutly, ah +-¢d-+- fg The determination of tho stramsa upon the 1m mammg bara, due to 
the reaction of a weight of 0 625 ton at A, 18 merely an petition of the method already dosenbed, 
and ig shown in the figure by the dotted lines The action of the weight at F’ ta now acoounted 
for, and we may procccd to oonntder that of the next 5 tous placed at H!’ The portion of this 
weight that is transferred to the abutment A is equal to 1 25 tons, or exactly double that resulting 
froin the action of the weight at EF’ ‘Lhe effcot of ite reaction at A will therefore be yuat double 
that of the former weight, and 1t only remaims to double the straing alrowly arnved nt = Similarly, 
for the weyhts situatd at the apices K’and 1, all that is necessary is to multiply the atrains 
alrady found for the weight at Fo by thice and four, and wo have those for these two othor 
weights No sooner do we come to the weights situated at the apices upon the other side of tho 
cuntr: of the girder, than tis rule no Jonger holds for all the parts of the flanges and web — ‘To 
consider the flanges first, and the w« ihtat KK This weght, sinec its reaction at the abutment ta 
five times that of the weaght at F, will affect the upper flange from A to Ky and the lower 
from A to K to five tuncs the cxtent of that weight, and the strains can be inacrted in the tablo 
upon thos parts of the flanves mtuated within these limits The strana upon EB’ may, however, 
be readily arrived at by inspection, as itia cvidcnt that the weight at K aflects these parts of tho 
girder to precisely the same cxtcut as those at K, the corresponding apex upon the opposite half of 
the girder | ‘The strains upon the contra) portion EE of the upper flange may be at once written 
down, since the mmaming strains from the weights Hound F cqual those already found for H’ and 
FAI! the strains upon the central part EE of the upper flange having boon calculated, 
it remains to determine tho-e upon the remaining parts of both upper and lower flanges, and upon 
the diagonals in the web The «effect of the weayht at Ho has now to be considered Tho straius 
upon AB, BC, and ( D are obtained, a8 already explaincd, by simply multiplying by sx tho 
strains upon thow members due to the reaction of the weight at F, and therefore there remains 
to be determined the stram upon DE, duc to the wazhtat Ho This strain is twice that due to the 
weizhtat Fo Draw KA’ from VE lay off E2 =0 629 ton = the reaction at A’ of the weight at 
FO Draw af honzontal, and a?’ paral) toDE then a’)' is the strain upon DE from the 
weight at F, and twice this equals the stram required = It only remaing now to account for the 
strains upon AB, BC, CD, from the woght at F, to complete all the strains upon the upper 
flange The straina upon AB, BC are respectively oqual to m von times thos found for tho 
weight at F’, to obtain the stram at CD, we proceed as tor DE Draw DA, plot Dp aa be foro 
0 025 tun, make pp’ horizontal, and draw p H paralld) to CD, then p’H oquals strain upon 
CD, thus completing the struins upon the upper flange The struns upon tho lowor flange aro 
those upon K L, due to the weights at K, H, and F, those upon HK and FH, due to the waghts 
at F and H, and that upon F H due to the weight at F If wo find the strain upon K L due to 
the weight at F, the strains due ty the waghts af H and K will be respectively twice and three 
times the amount. This strain upon KL, due to the load at F, 1s equal to the line ac’ in the 
diagram, and therefore the other strains sre known Similarly, the line pp’ is cqual to the strain 
upon H K from the load at F, and twice this is the stra upon the same part from the weight at 
a Lastly, the strain upon FH, due to the weight at F, may be di termined by drawing the 
resultant C A’ and proceeding as befure This last resolution of forccs 1s not grven in the diagram, 
but 1¢ 1s precisely similar to that performed at the apices Dand EF = The remaiing strains upon 
the bars present no difficulty To determine the strains upon the other bars 1t is only necessary to 
find that due tu the weight at F, of whieh the others are mulfiples. 
To ascertain the strains upon the various bars under the condition of a uniform load, it is only 
to subtract the seperate plus and minus strains, and the total will give the desired 
tof 10n @ 
Instead of ascertaining the strains by prolonging the parts of the upper flange, another method 
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win lines from each apex to one of the abutments, pl upon @ 
ne line ihe diary of ay weight which is peer ierae — = Lesa apa Leary on 
resolving in the directions of the parts of the girder affec en Se ts choke ae ae 
esessary to follow the action of the weight at the apex F or F’, throughou 
ae a as from this action all the other strains can be Jotermiued. By this method the strains 
upon the parts of the upper flange are well checked, as the strain upon each separate part is twice 
determined. Suppose that we are following the action of that portion of the weight at F, which 
is transferred to the abutment A’, and have arrived at any particular apex A. Let AM, Fig. 687, 
represent the direction of the resultant at A, or the line joing the apex A with the point A’ in 





Fig. 686. Muko Aa = that portion of the weight conveyed to the abutment at A’. Draw ab 
horizontal and be parallel to AC, then a 6 equals the strain upon E B, be that upon the top flange 
AU, and Ae that upon the bar AB. Tho next point is to determine the strain due to the same 
weight upon the upper flange CF, the lower B D, and the bars C B and CD. Muke Ca = Aa, and 
proceed as before, first drawing C N to represcnt tho line of transmitted pressure. Then ad equals 
the atrain upon BD, dy that upon CF, Cd’ that upon C B, and Cb that upon CD. But to obtain 
the strain « @’ upon the bar CU B, draw the line dd’ parallel to AC. This line also represents the 
strain upon A C, aud consequently dd’ = be. Thus, knowing the vertical component of the strain 
nt any apex, wo can determine the strain upon the two bars meeting at that point, and that upon 
the two soparnte parts of the upper flanges, meeting the bars at thesame apex Another advantage 
of this mothod is that 1t gives the strain upon the diffrent parts of the lower flange at onco, 
without the necvssity of adding increments, 


Taste VII.—Strains oN FLANGE OF Bowstrinc GIRpER. 

















Parta of the Flange. 

Weightat | =) ey ——— 
— AB | Be. | cp, DE. | ER AF. | FH WK. , KL 
¥’ + 1-38! 4 151 + 1°70! + 1-95 | 4 9-q5| — 1°22| — 1-48| — 1°83 — 2 35 
H’ .. + 2°76) 4+ 3°02 + 3-40] +4 3-90! + 4-90) — 2-44| — 2-96]/— 3-668 — 4-70 
K' 4:14) 4 4:53 4 5°10! 4 5-85) 4 7-85| — 8-66) — 4-44] — 549 — 7-05 
1... + 5:52) 4 6-04 + 6-80/4 7°80) + 9°80] - 4-88] — 5-92|— 7 32 — 9 40 
K of +4 6-90! 4 7°55 + 8°50) 4 9°75 + 7°85' — 610! — 7:540/— 915 — 45 
H.. 4+ 8-28] 4 9°06 +10°20! 4 6-80 4+ 4°90. — 7°32 = B°88|— 7-n0 — 5°60 
¥ ! + 9°66] +10°57) + 5:10) + 3-40 4 2-45] — 8-54) — 6-45) — 3-00 ~ 2 80 
Total .. | +88-64| 442-28! +40-80| +.39-45| +89-20| -34-:16 —37-58| — 39-15] —40 35 
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Taste VILII.—Srrains on Bars or THE Wena or Bowstring GrrpkEr. 























Rare of the Web. 
Weight at ree Sy ee ——-— — fete 
BE Fo | cm | mp | nk | KE | BL 
pane 

ae | 0°20 | 4031 | 0-20 | 40-27 | 0-42 | 40-40 | -0-78 
We we | OKO +0°22 —0'58 | +0°5% {| -O'8t | +0°80 ~ 1°48 
kK’... | -0'60 | 40°33 | -0°87 | 40°81 | +126 | 1-12 | —2°22 
be. .. a. | -0°80 | 4044 | ~1-16 | 41°03 | +1°68 | 41°60 | ~2 8 
Kc. lb} <2-00 | 40°55 | -1-45 | 41-35 | -2:10 , -3-30 | 42°28 
H.. ww | <220 | 40:66 | -1-74 | ~4°2 +24 ' —2-20 | +1:40 
Fou. | = d40 | =5°70 | +2°4 ~2:1 +12 | —1:10 | 40°74 














— 8:39 | ~369- | - 225 





Tho maximum tension and compression upon any bar may be obtained at once by the diagram. 
Thus, to And the maximam compression upun the bar E L, Fig. 686, make Ea equal the sum of 
thous portions of the weights situated at the apiovs between EL and the abutme:: A’, that are 


\ 
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transferred to A’, and proceed as deacribed, The maximum com on can also be obtained by 
estimation, for the sum of the weights acting upon tho bar E L will oqual 1 + 2 + 8, multiplied by 
the transferred eo of the weight at F. 

Referring to Table V IIL of strains on bars of the web, the compressive strain upon E L due to the 
weight at Fs 0 74 The maximum age pombe strain 1a therefore 1 +243 = 64 0 74 = 4 44 
tons, which should tally with the result of computing the strain by algebraic addition of all the 
separate strains upon the same bar 

This wvestigation demonstrates that the result of curving tho top flange of a girdor, is to 
reheve the web of a portion of the shearing strain, which, in a horizontal girder, it alone reasta 
C onsequently, if the curvature be increased until it assumes a parabolic form, the top flange taku 
the whok shearing strain if uniformly distributed, and there 1s none whatever on the web 

Bowstriny Girder, Practwal F amy —The crample, Fig 688, 13 a bowstring girder crected over 
the Grand Surrey Canal, on the East London Railway, by Hawkshaw The span in the clear of 
the main girders 1a 80 ft, and the depth of the girder m the centro ono-tonth of the span — It will 
be noticed that there are two systoma of triangulation in the web of these girders Tho anuly ats 
of the strains iy this description of girder was made on the assumption that there was only one 
series of triangles The same method may be pet in this cusc, and the strains may be caleu- 
lated for each series of trungles, or ono systom only may be aubjyec tod to analysis, and the rosults 
divided by two for the actual strain upon any particular bar In tho latter caso, care should 
bo taken to sclect that syatm which will make the strains a maximum. Thore are three maim 
girders in the width of the bridge, the centre one boing made proportionally stronycr than the 
other two, as it has a greater share of the load to carry With tho ¢xooption of a difference in tho 
scantlings, the form of the three girders 1a the same, An clevation of half the ocntral main 
girder is chown in Fig 689. Tho upper and lower flanges are composed of plates, angle irons, and 
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deep vertical plates in the usual trouzh form = The vertival plates aro 1 ft 3in decp, and thing 
afforn! abundant rivet space for the diiyonal bars in the wob | These are apaced at uncqual dis- 
tances, varying from 3 ft Gin at the cn te of the gindirto6 ft at thecentre By this arrange ment 
the angle which the bars make with the horizontal is maintained constant, whereas, had the 
spaccs or dinmonds ben mado all equal the angh of cach bar must have boon diffrent Tn Jarge 
girders the angle cannot be kept constant throughout the whole web, whether the apacrs be cqual 
or not = [t will be obecrved that the seantlings of the diagonal bara inercase towards the cnds of 
the girkr, more than might be suppose! from the example we have analyzed ‘This arias 
from the fact that the upper and lower flanges in Fig 689 are not continned until they meet, and 
therefore the full principle of the bowstring girder does not come into play = The dincnsions of 
the bara, which are all double, vary from 44 1n x (in at the centre to 7in x Tin at the ends 
Both struts and tigare plain bara The former are so short between their supported points ag 
not to be lable to bending action, otherwise, the plain bar scetion ig not the proper ono for the 
strate of an open-web girder An end plate woriveted on at the junction of the ape and lower 
flanges. A plan ofa portion of the upper flung, Fig 689, shows the manner in which the riveting 
18 arranged in the breadth of the flanze A cross section of onc-half of the bridge, Fig 600, ined 
cates at onee, by the manner in which the iron girders arc built up, how himoted was the headway, 
The croas girders are of very peculiar shape,and the flanges of the rails aro brought levc! with the 
top of the girders by means of 121n balks framed in between dhe cross girders, upon which thoy 
rest The main girders have double webs, but no cross breing Diaphragms of wrought-iron 
plates and angle trons are fixed between the bara of the wibs, both at top and bottum, lig 690, 
at thore points where the crow girders are placed, to which they are riveted The cross girders 
are paced at intervals of 4 ft. from centre to centre They are constracted of angle irons and 
plates, and with the exception of thar being deeper at the ends than at the centre, arc of the ord: 
nary small plate-girder description Thc longitudinal timbers or runncrs which carry thy rails 
are 12in x 9, andare fixed to the crow girders by angle tron knees, Cast iron plates cover in 


the space between rails. 
§ 
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The Braced Arch.—If for tho solid web of the phe arch, of which practical eeniee have been 
ven, be substituted an open web, we have the braced arch, or more properly the braced rib, the 
istinction between the two being precisely analogous to that between the two descriptions of ordi- 
nary girders. In the braced arch we do not include what is frequently so termed, namely, a 
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braced girder having the lower flange curved and the upper horizontal, but an arch consisting of 
curved upper and lower flanges, connected together by a cross bracing. There are three general 
classes of braced arches;—Arches continuous through the crown, and hinged only at the 
springings. Archer hinged both at the crown and at the springings, Arches which are con- 
tinuous at the crown and fixed at the springings. ‘The last of these represents most nearly 
the corresponding solid or plate arch, and is the description to which we shall confine our- 
solves, It ia the bext adapted for actual construction, although examples of the other classes 
are not wanting. There are, however, very few examples of the braced arch of any class. 

Strains upon the Braced Arch.—The strains upon the braced arch may be calculated, either by the 
graphical method described for other forms of girders, or by the method of moments or sections, 
Che most useful example in practice is the cnse in which the arch is fixed at both ends, and con- 
tinuous over the crown, The following is the method by which Dubois calculates the strains 
upon an arch of this description. This is by far the most important case of braced arch, as by the 
continuity of tho crown nad fixity of ends we obtain all advantages due to combined strength und 
olnstiofty. It is also the most difficult case for solution, as the formule obtained by a mathema- 
tical invostigation are complex, and give rise to tedious and laborious computations. A method 
combining simple analytical results with graphical construction, similar to the preceding, will 
obviate these difficulties. In the present case, as before, the common interscetion of the weight 
and tho reactions lies in a curve, the equation of which may be found, and the curve itself plotted, 
for any given case. But this curvo, or locus 11. K, Fig. 691, being gonstructed, in order to find the 
directions of tho reactions, whioh now no longer prss through theends of the are A and B, it is 
necessary to find and also construct the curve developed by these reactions for every position of P 


691. 





that is, the curve to which these reactions are tangent. If, then, these two curves are constructed, 
we have only to draw through L, Fig. 691, lines tangent to this enveloped curve, and we have at 
once the reactions in proper direction, and by resolving P along these lines can easily find their 
intonsities, and therefore V and H, as before. Second circular are: In this case we have for 
locus I LK, Fig. 691, and for the small central angles a, the equation 

a (a? — 2ax — 2°) 
y=aa[t 0 —atayh, J? 


a, hk, and x being as above, and g* = ; = the square of radius of gyration, A being the area, and I 
J 
the moment of inertia of cross section. 
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Mustristion of Method of Soluton.—As an illustration, take a portion of a braced arch, Fig 692. 
We have first to plot the upper carve or locus of m, for the given dimensions of the centre line of 
the arch, This curve once plotted, then, for any postion of the weight, we have only to prolong 
p tom, and draw a line from m to the end of ccntre line, if the arch uw fixed at ends, ¢, bean 
easily found from our formule above In similar manner, we draw a line from m to the other end, 
orc, Now these two lines are the resultants of the outor forces p,and by simply rewlving p in 
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these dircetiona we have at once V and H, while the moment at the ond M, = — HD ,, positive af 
it tends to causa compresa cn im Jower flange, or negative if it acts blow (he and, asc, G LAT ROW 
easily find the stram im any flange, as D whether the arch vary im depth on not, provided only itis 
symmetneal with respect to its centre Ime Thur, for D, take the opponte apex cas the ecutre of 
moments ‘The moment of H, with reference to + as shown in the Fig ¢ 1, tends to cause tomeon 
in 1), while that of V cauaca comprossion We huve then, representing tension by the minus 
sign 
ee Monwut of V — moment of H 


Strain in D = kver arn of D 


9 


all with reference toa = Tf the result is negative, it indicates teonmon, if pomtive, compression if it 
18 zero, tle two moments arn cqual, and no moment cxiste at «  heneo co must be a pomt of 
inflecti n Heand Vo must be taken ag acting at 9, Fig 692 We can cvidently concave these as 
acting at the centre of the cnd cross section, if we take into account the moment Tic, fimailarly, 
for ( we take 4 ag centro of moments, and then, since Ho now c uses comprcgsion in C', and 
tension, we have for V aud H, acting at ¢ 


Moment of Ho -— Moment of V 
Strain in ( = 
lover arm af € 


For V and H considered as acting at end of center linc, wo have 


_ Momcut of H + Ufc, — Moment of V 
hverarm of C 


C 


taking (. without rn gard to ite syn, but simply to the kind of stram it tends to cause mn tho piece 
in yucstion «As when His bclow the cud c, ii negative, we should have — Hoc, for moment, 
causing compression in ( Thus we may proceed till we pass BP, which with ots proper sign, as 
producing t neivn or compression in the pice in question, must also be taken into account, or we 
may instead take the moments of V and H at the other end, that is the sanw aide of the weight as 
the piece itself. The dingonals may be simularly found by moments It will, however, be bist to 
determine them by diagram, one of the flanges, the tirst uppr flange, being calculated in this 
case They may alen be calculated from the resultunt shear at any apex Thus, for diagonal 8 
find the vertical compunents of the previously determined strains iu Ly and C  Thise vertical 
components, together with the vertical component of the stram in 3, must for cquilibrium be 
a and oppusite ty the tutal shenr at 4 Calling this shear F, and «1, 8, and 7, the inclinations 
of D and 3, we have for the strain in 3,8 = (F — §,, sin « — §,, min B) cow 7 

If either of the verti.al components of the strains in D or © acts oppomt« to the shear F, it 
must, of course, be subtracted , 1f in the same direction, added to F. The moment H ¢, ia the 
moment at the fixed end, and is constant throughout the arch for any one postion of tho load. 
It causes tenaion in outer and compression in inner flanges, provided, as in the Fig, @ fall below 
the centre of She end section. This moment is increased, or diminished if 9 is above, by the 
varying moment of H for each apex. The above method of determining the strains in the 
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braced arch, though not strictly graphical, but rather a combination of analytical and 
prepare methods, offers such ® ready solution of this important and difficult case, that we 
ave not thought it out of place to notice it somewhat in detail, We consider it by far the 
sig “Hs and easiest method which hag yet appeared. 
ridge over the Riwer Lsk, Tusnania.—This bridge, Figs. 693 to 696, consists of a light wrought- 

iron arch of 190 ft. span, with 20 ft. rise from the ¢ a line to the under side at the centre, It 
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springs off cast-iron bed-plates which 

rest upon brick abutments let into the == a 696 

se Hiss It Z composed of two e | 

arched ribs, 15 ft. apart from eentre ee 2 SE ce 

to centre, cach 4 ft. deep and 20 in, ap ee 

wide, ‘The tops and bottoms of these a: | 5 =e| 

are constructed of wrought-iron plates = 

and angle irons, connected together by ao 

radiating pieces of T iron and dia- = 

gonal braces of angle iron, The roud- = 

way is laid upon 6 line of nearly fist SS 

girdors, resting on the top of tho arch 2 (on 


at the oentie, and oxtending to the 
abutmonts at each end, but carried 
between theso points upon verticul 
wrought-iron columns, which stand on 
the tops of the ribs, boing diagon- 
ally braced togethor with angle irons, 
together producing open spandrils of 
great strength. The mbs, spandrils, 
and railway girders are braced to- 
gether in evory direction, Figs, 694 to 
696. The bridge is 220 ft. in length 
on the roadway line, The width of tho 
latform between the handrails is 15ft., 
ivided into a footpath of 8 ft. 6 in. on cach side, and a roadway in tho centre. The weight of 
wrought iion in the bridge is 105 tons, or under balf a ton to the foot run; the weight of the caat- 
iron railing and bod-plates, 15 tons. ° 
The mode in which this bridge was erected was considerably more novel than its construction. 
Many flat girder-bridges have becn constructed on pontoons, and floated to the piers prepared 
for them; but there is, perhaps, no previous instance on record of an arch being so dealt with. 
The height of the roadway of the bridge is nearly 80 ft. above the bottom of the gorge; the depth 
of water is about 50 ft. at high water spring tides, and the rush of water, when the river 
is suddenly flooded by storms, is almost irresistible in its force. All these considerations united 
to make the construction of a scaffolding across the gorge impracticable, except at an enormous 
cost; and the engineers therefore decided to put the work together on a oeting dock, carry 
it to its place, and deposit it on the abutments with the fall of the tide, All preliminary 
arrangements having been completed, the dock was swung round at high tide and secured between 
the abutments. At nineteen minutes to three o'clock the arch rested on its bed, and at twelve 
minutes past three o’clook the dock, with the scaffolding, floated from beneath, leaving the arch 
flimly wedged in its anent position. 
ith regard to the iron work, the bows were riveted i a in 12-ft. lengths, and all the 
other patts in equally convenient lengths for shipmont, in all comprising upwards of 500 pioces, 
each piece composed on an average of ten pieces, the whole fastened together by nearly 24,000 
rivets. 
The exporience gained in the Coblentz Bridge, which originally was pivoted at éhe abutments, 
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would indicate that the greatest advantage is obtained by making the braced arch continuous at 
the crown and fixed at the ends, After the erection of the Coblontz Bridge it was considered 
advisable to block up the end, and thus virtually to fix the arch at tho abutmonts. 

Norwegian Railway Bridge.—Figs. 697 to 699 show the type of viaduct adupted for tho Norwegian 
Btate Railway. This i role invented and elaborated by A. J. Petersson, of Cbristiania, admits of 
the spans being varied in proportion to the varying height of the viaduct, and offers many 


advantages as regards economy and facility of erection. Each pier, Figs, 698, 699, consists in effect 
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of a couple of shear lezs, pivoted at the upper end to the girders, and at tho lower end to the 
masonry foundations. Expunsion and contraction of the metallic superstiuctme thus cause only 
@ slight inclination of the piers from the perpendicular, without inducing any bending strosses on 
the ironwork. The fish-bellied girders, it will bo scen, can be made similar at each pier head, 
whatever the avers may be, and therefore the detail is simpler than would be the casc, if parallel 
girders of depths suitable to the respective spans were a ee 

Bridges of Steel—The use of steel fur bridges and girders will before long be generally 
allowed, especially when those structures are of magnitude. The specific weight of steel 1s prac- 
tically the same as that of wrought iron, but it is the much higher capability of bearing strain 
a a its chief value, and its applicability to constructions of 4 size newr yet 
attem 

It ay be admitted that 12 to 15 tons a eq. in isa safe compressive working strain, when tho 
material is not permitted to deflect. When in the form of a solid pillar, the strength of mild steol 
does not exceed 13 times that of wrought-iron ; but this is still open to inquiry, and it would not 
be actually sife to adopt for stcol pillars a greater load than 50 per cent. more than for a similar 


section of wrofght iron. 
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The Admiralty tests for steel plates are as follows:—Tensile strain asq. in.; lengthways, 
88 tons; croesways, 80 tons. The tensile strength is in no case to exceed 40 tons a sq. in. For the 
hot forge test, all plates of 1 in. in thickness and under should be of such ductility as to admit of 
point ag Py without fracture, to the following angles ;—Lengthways of the grain, 140°; across the 

in, 

Oe ror the cold forge test, all plates of the thickness stated should admit of bending cold, without 
fracture, to the angle given for each thickness. With the grain; 1 in., 30°; {, 40°; 2, 50°; 4, 60°; 
4, 70°; yy, 75°; %, 80°; 4%, 85°; 4 in. and under 90°. Across the grain ; 1 in., 20°; 4, 25°; 3, 30°; 

, 35°; 4, 40°; 4%, 50°; 3, 60° 4, 65°; 2 in. and under 70°. The edges should be drilled or sawn, 
and not punched, in cutting the sample from the plate. In other respects, they should be treated 
as for wrought iron. Stcel rivets are very brittle, and it is usual to unite steel plates with iron 
rivets of larger size than for iron plates. 

The British Association Report, 1878, on the use of steel for stractural ae aero recommends 
that the employment of steel in engineering structures should be authorized by the Board of Trade, 
under the following conditions ;—That the steel should be cast steel, or steel made by some process 
of fusion, subsequently rolled or hammered, and that it should be of a quulity possessing consider- 
able toughness and ductility. That the greatest load which can he brought upon the bridge or 
structure, added to the weight of the superstructure, should not produce a greater strain in any part 
than 6} tons a sq. in. But the Committee do not limit the coefficient to this value in railway struc- 
tures generally, as cases will arise where steel of special make and greater tenacity is required. 

This is in accordance with the suggestion of D. Adamson, that a harder kind of steel, having a 
oe strength of 40 to 50 tons a sq. in., would be better adapted to tho purposes of bridge 

uilding. 

H. FX. Maynard, in a pare read bofore the Iron and Steel Institute, in 1879, states that in 
practice it is better to specify, in regard to the resistance of steel, that it shall be from 36 to 41 tons 
a sq. in. in tension, with a contraction of area between 35 and 45 per cent., and elongation of 15 per 
cont. in 8 in., and that it shal) boar punching a $-in. diametcr hole, 3 in, from edge, without injury. 

Working upon this specification, the results are verified by the following seven examples taken 
from inspection reports ;— 

No. 1 Tost.—3 in, by 83 in. by 8 in. Breaking strain a sq. in., 41-095 tons. Reduction of areca, 
43 per cent.; elongation in 8 in., 14 in. 

No. 2 Test.—4 in. by 3 in. by 3 in. Breaking strain a aq. in., 39°304 tons. Reduction of area, 
84 per cont.; elongation in 8 in., 13 in. 

o. 8 Test.—8 in. by 2 in. bar. Breaking strain a sq. in., 40°469 tons. Reduction of area, 3+ por 
cont. olongation in 8 in, Ly in. 

No. 4 Test.—8 in. by yy in. bar. Breaking strain a sq. in., 38:125 tons. Reduction of area, 
34 per cent.; elongation in 8 in., 1} in. 

No. 5 Test.—7 in. by 4 in. bar. Breaking stiain a aq. in., 38°379 tons. Reduction of arca, 
52 per cont. ; a age in 8 in, 14 in. 

o. 6 Test.—Dilate ,% in. thick. Strain a sq. in., 38-006 tons. Reduction of areca, 46 per cent. ; 
vlongation in 8 in., 143 in. 

No. 7 Test.—Plate 3 in, thick, Strain a aq. in., 39'400 tons, Reduction of area, 45 per cent. ; 
elongation in 8 in., 114 in. 

Such material may bo fairly used at a much higher strain than that hitherto used for iron. 

For bridges of large span, or over 200 ft., lightness is one of the most important considerations, 
for smaller spans this consideration is of less importance. 

Having in a design for an iron bridge allowed for safety the usual margin of strength, it does 
not follow, if stvel is taken at less than double the price of iron and capable of bearing double the 
strain that iron bears, that a cheaper structure is obtained, because the steel cannot be used through- 
outat half the thickness of the former, on account of the risk of some parts buckling and of corrosion 
rapidly destroying thin sections; but, with a suitable combination of steel and other material, a 
structure cheaper than all iron or all steel is obtained. With a girder of the Warren type, for 
a bridge 120 ft. span with a road at the bottom of the girder, and using for iron the Board of "Trade 
of 4 tons a sq. in. of scction, the sectional area required at the centre is 41 in.; and at tho 
end 124 in. 

Constructing this girder in the usual way, and adopting a form of the top flange calculated to 
resist compression, it gives at the centre a section made of top plate 24 in. by 1 in., two sides of 
12 in. by 4 in,, and two angles equal to 5 sq. in., givingin all the required 41 sq. in of sectional area. 

Dealing with the end section, and building a section that will join on to the ends of the former, 
it must be shaped to correspond, and the thickness only must vary; therefore we should havo a 
section which has the top plate only 44, in. thick, and the sides and angles of } in. thick, producing 
the required sectional area of 12} in. These thicknesses are, however, too small in practice, and it 
becomes necessary to use a section which has ,§-in. plate on the top, and the other parts } in. thick, 
making together a sectional arca of 20'7 in., or 8'2 in. of section more than is required. 

Proceeding in a similar way to build with steel, having, say, double the strength, or 8 tons, as 
the data, instead of 4 tons for iron, at the centre we may make a acction, using the same external 
dimensions, but half the thicknoss, without any practical difficulty ; but towards the ends of the 
girder, the strain requires a section somewhat lesa than } in. thickness, and becomes practically 
useless, 60 that there is the necessity of adopting the most practical section, containing 20°7 in. of 
area where only 6} in. are required, the latter being 14 in. in excess of what is necessary to meet 
the strain at that part, 

Therefore, while suitable steel remains at a higher price a ton than iron, there is a dis- 
advantage in using all steel in such a bridge, on the score of econumy. 

In order to overcome this difficulty, H. N, Maynand has recently constructed stcel bridges, 
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having a combination of materivls so arranged as to meet the strains and give the desired results in 
the following manner; The proportion of steel being about half the total weight, the remainder is 
made up of the best Lowmoor or Yorkshire iron, capable of bearing o slightly increased strain over 
that of ordinary iron, the result being less costly than either all iron or all steel. 

The bridge, Fig. 700, wus designed by Major Adelskild to meet very peculiar conditions: 
The distance to be spanned was no less than 137} ft. and this not only over a violent stream, 
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but just at the point where a torrent begins to fall over a lodgo of rock of great height. It 
was out of the question to think of erecting any intermediate support. In order to throw 
the biidge acroas, it was necessary to lift tho girders over bodily, and they wero therefore 
made e8 slight as possible. Irou was rejected as the matcrial of construction, and puddled steel 
from the woiks of Suraliammar, in the north of Sweden, was employed, The bridge was con- 
structed at Bergsund’s Works, at Stockholm. The dimensions were calculated for a working 
strain of 8 tons an inch, every portion having been tested to 16 tona a square inch before beng 
put in position. The total weight of the structure was barely 50 tons, An iron bridgo of the 
sume dimensions would not have weighed much Jess than twice this amount, and its cost would 
have considerably exceeded that of the steel bridge. The method adopted to throw the girders 
acrosk the fall was very simple. Two large derncks were crectid, one at each side of the torrent ; 
each derrick consisted of two spars set, one up, the other down stream, 1estmg on the foreshore at 
the foot of the abutment, and lashed together at top. Guy iopes extended back from these spars 
to anchoring stakes driven into the ground ; by theve the derricks were supportcd as they leant far 
over the stream below. A cable was passed from the end of cach girder, through blocks suspended 
from the derrick, at the opposite side of the entrance, and by hauhng on this the girder was partly 
raised and partly hauled across to such v distance that the other derrick could take firm hold of 
tho remaining end of the girder. Nothing then wag required but to raise tho girder and drop it 
mito its place. 

The sant Louis Birdye.—The finest specimen of a steel bridge is to be found in the St. Louis 
Bridge. This great engineering feat of bridging the Mississippi at St. Louis occupied six years, 
aud is probably unrivalled. 

The clear width of the river spanned by the St. Louis Bridge is 1622 ft , and this space is divided 
into three openings by two piers, occupying togother 108 ft, leaving o clear span for the centre 
arch of 520 {t., and for tho side arches of 502 ft. The rise of the centre span is 51 ft. 6 in, and 
of the side ones, 47 ft. 10 in, 

The execution of suitable foundations for the two river piers, one 145 ft, and the othor 174 ft. 
in height from the rock to the under side of the roadway, was a work of great magnitudc, incrensed 
by the difficult nature of tho bed of the river, and the violent scouring fiom the under-currentys 
constantly taking place, and shifting the positions of the sand overlying the rock, 

The dimensions of the buse of the eastern picr are 82 {t. by 60 ft, and the western picr is 82 ft. 
by 40 ft., and both were sunk in caissuns through 78 ft. and 50 ft. of sand respectively. These 
caissons contained air chambers 9 ft. in Leight, the arca of the chambers being equal to that of the 
under side of the pier, and the latter was divided into three compartments. ‘he caissons are 
built up of timbirs and iron girders, the oof being made of ample strength to support the whole 
mass of masonry above it, as described at p. 208 of this Supplement. 

Both abutments were also built on caissons, The height frum the under side of tho foundation 
to the top of the cornice is 196 ft. 9 in. on the castern sido. 

The cubic contents of this abutment is 11,860 yards, while the cast abutment has 22,453 cubic 
yards, and the east pier 13,240 cubie yards, 

Altogether the totul amount of masonry in the structure is 103,000 cubic yards, namely, 
10,000 yards of sandstone, 12,000 yurds of granite, and 81,000 yards of magnosian limestone, 

The tubes which support the bridge are all made of crucible cast stecl, and are Luilt up in 
lengths, each length being formed of six staves accurately fitting at the joints, and forming a 
circle 174 in. diameter. These staves are then enveloped in steel } in. thick. Tho staves were 
tested for compression to 60,000 Ib, nud for tension to 40,000 1b. o square inch, without permanent 
set, and the envelope was tested for ih apie and teusion to 40,000 lb. a square inch without 
set, the ultimate tensile strength of both staves and envelopes being set at 100,000 Ib. a square 
inch. The lengths of tubes are connected by steel couplings, which contain the necessury provisions 
fur the aituchment of the different systems of struts und braces. 

The width of the upper or road platform is 75 ft., and gives accommodation to two spacious 
i Hi and four lines of tramways, while the lower platform carries two lines of rails, 

he prominent feature in the erection of this bridge was the absence of scaffolding in the 
river, except fur a short distance adjacent to the piers and abutments. 

The bedtplates upon which the skewbacks rest, were bedded into the masonry during the 
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building of the piors and abutments, After the skewbacks and their connected tubes were hoisted 
into position upon the bed-plates and anchor bolts, and firmly screwed down to the bed-plates, 
measurements and observations were made to ascertain the amount and dircction of variation from 
correct position. 

From these, the amount and direction of the changes necessary to bring cach skewback and its 
connected tube into correct position, were detcrmined. The changes neccssary to correct the errors 
shown were made by cutting out the holes through which the anchor bolts pass, and allowing the 
higher skewback to drop the proper amount, ‘I'he angular ges necded to correct both 
poet ae vertical deviations, were made by inserting between the skewback and its bed-plate 
augulur plates. 

Fach span is com of four arched ribs, respectively 16} ft., 12 ft., and 163 ft. apart from 
centre to centre, Fig. 702, in which the two diagrams to the left are sections through A B and OD, 
Fig. 708, respectively. ach of these ribs is composed of two lines of tubes 12 ft. apart between 
centres of the tubes. The tubes are about 12 tt. long. The upper and lower members of each 
rib are connected together by a system of triangular porto The first or skewback tubes of each 
momber are screwed into tho large wrought-iron skewbacks, which in turn rest upon the bed- 
plates set into the masonry; the whole being anchored to the piers or abutments by large steel 
anchor bolts. The tubes forming one line or member are rigidly connected at their ends by 

ved couplings, Fiz. 702, fitted to grooves cut on the ends. The couplings are made in 
alvos with flanges; through the centre of cach and the ends of the tubes passes a taper pin-hole 
for the stcel pin, upon which the braces and cross stays are attached. 

Many purtioulars, which wero afterwards curried out in the construction of this bridge, aro 


given in the desciiption of Roobling’s system, at p. 702 of this Dictionary. 
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Starting from the skewback tubos, all four ribs were simultancously erected as far as the tenth 
or cleventh tubes, Fig. 701. Here tho outer tubes were discontinued, and only the two inner ribs 
carried to the centre. The ribs were connected and stiffened bv their connecting struts and tension 
rods. At tho contral pancl, those long semi-arches presented @ rectangular cross section as at 
CD, Figs. 702 and 703, about 12 ft. deep and 12 ft. wide. 

The standard of temperate to which the computation and measurements were referred is 
60° Fahr,, and the curve of the finished arch, under its permanent load at this tempcraturo, 
was takon as the normal curvo of the arch. Tho insertion of the tubes in the first span was the 
most difficult. For this span, two sets of tubes wero proper ; one zg similar in construction to those 
composing the archos, and made of tho exact calculated length of the central space; the other z 
difforing from these only in that they woro fitted with an internal adjustable screw, by mcans of 
which the tubes could be iengllioned: or shortened to a limited extent, in caso there should be 
found any crrora in the measurements of the span. Fig. 702. 

The gorews in tho adjustable tubos were made from forged wrought-iron rings 18 in. long, 
15 in, outside, and 11 in. inside, diameter. The screw thread was right and left handed on the 
different onds, square, and +5, in. deep; the pitch was 3 in. In tho cylindrical pirt of the scrow 
between the right and lefé threads, six holos 14 in. in diameter were bored, for the purpose 
of passing rivets to fasten the steel rings, which were to fill spaco A, Fig. 702, after the tubes 
wero screwed out to proper length, to make a solid steel connection throughout the tube. The 
screws had been prepared of this form, with the expectation that they would only be needed 
to lengthen or shorten the tubes before they were inserted; the forcing apart of the arches with 
these screws had not been anticipated. They fitted well, and required a moderate power to turn 
thom, even without any pressure against the threads ; and with any strain of either compression or 
tension upon the tubes it became very difficult to move them. After the inner ribs were con- 
nected the cable strains were reduced so that thero was only about 160 tons strain on the main 
cables, Then the eroction of the outer ribs was going on, and this threw the additional weight of 
these outer ribs upon the inner ribs. Efforts were made to turn out the screws in the first arch 
by means of bars inserted in the holes of cach screw, connected at the ends in a wheel form. But 
slow and slight progress was made, as the bars were constantly broken. The tubes, fastened at 
both cnds by their couplings, were aubjoct to strains of compression and tension as the temperature 
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varied. Only at the interval when these strains wero zero could eat result be obtained in moving 
the screws. To determine when this occurred was only possible by keeping a constant strain upon 
the bars. The great labour and slow progrees led to two improvementa which overcame the 
difficulty in the remaining parts of the arches. First, one end of the central tubes was left freo, 
by making a pin-joint only. By this moans no tension could be got on these tubes, and any 
opering or relaxation of compression at this loose joint, produced by contraction or expansion of the 
arches, according as it was a lower or upper tube, could readily be takon advantage of to sot out 
the screws. The second improvement was the designing of a wrench to turn theso screws, even 
under a high compressive strain. These wrenches were made of railroad iron, and resembled in 
form an elongated letter A. Each foot was fitted with a [T-shaped nipper, sufficiently narrow to 
enter the opening A, Fig. 702, between the bands of the tubes, which in some cases was only 
gin. This wrench waa about 7 ft. long, and acted by direct shearing strain upon a 1}-in. steel 
in, passing through the screw and projecting sufficiently at each side for the inves to catch it. 
ith the use of the wrench, the power of six men on a double-geared crab, could be transmitted 
through a sixfold purchase to the end of the wrench. 

It would be quite possible to remove any part of the arches of this bridge, without the use of 
cables above, or false work beneath. For instance, a tube could be removed and another inserted, 
with no risk to any part of the structure, and but partial interference with tho traftic, by suspond- 
ing the rib from which the tube was to be taken upon the adjacent ribs by means of diagonal 
suspension rods. The adjustable screws could then be relaxed sufficiently to relieve the respective 
members from tension and compression, the rib disconnected at any point, and a new tube inserted. 
The temperature at the time should be considered, and all means taken to hold the rib in its 
position by struts and tie-rods, in order that it may not movo from ite proper place, and thus 
prevent or delay the insertion of the new tube. If all matcrial were previously prepared, the 
whole operation would perhaps be possible within twenty-four hours. After the completion of all 
the ironwork on Span I. and most of the woodwork of the upper roadway, two tubos in the lower 
members of ribs which had been injured during the erection, were removed and new oncs 
inserted. At this time these ribs wero practically loaded with their full permanent load, and wero 
unsupported by any cables. 

The removal of a skewback tube would be more Inborious, but still possible. These tubes 
being screwed into the skewbacks, it would be neccssary to remove another tube first in order to 
dos working room ; it would be comparatively slight Jabour to remove any othor part of the 
arches, 

Theo tubes as well as all other pieces of the bridge were pants on all sides before they left the 
shops, but the interior of the tubes, and their joints, were thoroughly painted after the tubes were 
in place, by using a small spindle-shaped vessel such as would pass fiecly down the tubos beneath 
tho steel pins, about 4 in. by 5 in., perforated at the top and sides with fine holes, its hottom filled 
with lcad, tho whole set upon rollers, and fastened by a movable joint to a gas-pipe in 12-ft. pieces. 
This apparatus was first forced down the whole length of the tubes, joint by joint, until it reached 
the skewback, and then attached to a force-pump by floxible hoso, and thin asphaltum varnish 
forced down the pipe. A stcady spray of tho paint was projected against the top and sides of tho 
tubes, and the oe baa tan down along the bottom; the pipe was slowly withdrawn, the pump 
being kept at wok. This sprinkler was replaced by a simple gas-pipe, closed at tho ond 
and perforated on all sides with numerous fino holes, their aggregate area being proportioned by 
experiment to the capacity of the pipe, which was 1] in, in diameter. This method was wastcful ; 
but it allowed the mixture to penetrate the joints of the staves, screws, und backing, and protect 
them from the attack of water, to which they would be most exposod, should there be any leakage 
or condensation within the arch tubes. 

A 30-ton locomotive at differcnt positions of the centre span produced these results on Rib B. 
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Similar observations were mado at other puints. Tho sainc load at different points produced 
the following results ;— 


Deflection in Jachca at Centre of 
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Different loads, at different points, cause the deflections recorded in the following table ;— 























Load, allowing 15 tons for each Tender, Deflection in Inches at Centre of 
Bal bil cies Placed on Middle of Rib A. Rib B. Rib C. Rib D. 
7 884 | Suuth Track of Span Il. .. .. | 2°48" 1°84* 1°33¢ 0°83 
7 $84 < i ~ | oe 2°8% 2°15* 1°37t I'l 
7 oa x - + ” | es 2°48* 1:8* 1°27t 0°82 
or ’ ; : x e 
14 { a seta 7 span i 3°048 2°892 2°616 3 
8: ort : P ; ‘ 
14 a50 Bou } se SETS +2, 8-48 | 8-44 | 3-89 8°92 


10 492 = _ » IO. 2°37 


* Loaded rib. + Rib partly loaded. 


The greatest vertical deflection of Span II. when one-third was loaded with locomotives was 
1°48 in. and at the fourteenth joint; when one-half was loaded this maximum deflection was 
1°67 in. and at the fourteonth panel, and when five-cighths was loaded, it was 2°25 in. and at the 
seventeenth panel. The greatest negative deflection or rise of the same span when 12 of the 
44 panels were luaded was 0°63 in. and at the twenty-ninth joint. With a load of 334 tons 
on north track of Span 1, Rib C of Span II. raised 0°3 in.; on south tract of Span IL, Rib B of 
Span I. raised 0°12 in.; on south track of Span. I., Rib B of Span IT. raised 0:216 in.; and with 
the same load moving eastward over Span I., Rib B of Span II. raised 0°48 in.; in each case tho 
measurement being at the centre of the rib. 

After each tost the load was entirely removed and observations made for permanent set, which, 
however, was not at any time visible, nor was any side deflection of the outer ribs under the varivus 
loads discovered. 

It should be carefully noted that steel does not wok so freely and easily as wrouglit iron. It 
will not stand the same amount of forge and smith work, unless the operations be conducted with 
greater care than is required in the case of iron. If stecl be overheated, it is difficult to make a 
good weld. Iron rivets are frequently used with stecl girders. Tempering stecl in oil has the 
effect of increasing both its toughness and limit of elasticity. It increases the latter quality to threo 
times that of wrought iron, a most important consideration, The relative ultimate strength of 
materials is not the only point to be attended to by engineers. A material which, by its largo 
range of elasticity, gives amplo warning before it undergovs final rupture, is to be preferied to one 
which may possess a greate: ultimate strength without the other valuable quality. 
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Mechanics of Construction.’ Hurst, *‘Tredgold’s Carpentry,’ 1875. Bow, ‘ Economics of Con- 
struction,’ 1878. Bashforth, ‘Construction of Oblique Bridges, 1857. Hart, ‘Bricks.’ ‘Roorkee 
Treatises on Civil Enginecring.’ ‘ Professional Papers on Indian Engineering.’ ‘The Enginecr,’ 
‘Building News.’ ‘Engineering Journal of the Society of American Engineers.’ Haskoll, 
‘Examples of Bridges.’ Mattheson, ‘ Works in Iron,’ 1877. Tarn, ‘The Science of Building.’ 
Young, ‘Strains upon Girders and Arches.’ Fairbairn, ‘Cast and Wrought Iron Construction.’ 
Barlow, ‘Strength of Materials,’ 1867. Olurk, ‘The Pesth Bridge.’ Kirkaldy, ‘Iron and Steel,’ 
1864. ‘Minutes of the Proceedings of the Institution of Civil Engineers.’ Wood, ‘ Construction of 
Bridgos and Roofs.’ ‘Transactions of the Society of Engineers,’ ‘ Annales dos Ponts et Clinussées.’ 
Cotton, ‘Manual of Railway ene ooring, 1874. ‘The Builder.’ Whipple, ‘ Bridge Building,’ 1873. 
meh Aa ie of Bridges and Roofs,’ 1873. Chanute und Morison, ‘The Kansas City Bridge,’ 1870. 

The vehicles employed for convoying the loaded tubs from the bottom of the shaft to the surface, 
and the empty tubs from the surface to the bottom, are called cages. They are made of wrought 
iron, or steel, and should be so constructed as to carry the lurgest number of tubs with the least 
weight of cage. A cage should be compact, so as to be easily guided in its ascent and descent of 
the shaft, and it must be so arranged that the tubs can be readily entered and removed. 

The form of a cage will therefore be determined, first, by the form of the division of the shaft 
in which it has to travel, and secondly, by that cf the tubs it has to contain. Both of these being 
rectangular, it follows that the cage will always have the same form. Its dimensions and carrying 
capacity will evidently be determined, first, by the amount of the output at the mine and the size 
of the shaft, and secondly, by the power of the winding engines. Cages are generally constructed 
to carry two tubs, placed end to end; but where the space in the shaft is restricted, the tubs may be 
placed on separate floors, one above the other. Cagesare known as single, two, three, or four-decked, 
according to the number of floors they contain. Where the output is large, cages of as many as four 
decks are employers especially at the coal mines of Belgium, which carry two tubs on each floor. 
Tho floor of the cage should be provided with rails, to facilitate the running in and out of the tubs; 
and the openings which are left for this purpose, and which are always situate in the shorter sides 
of the rectangle, should be closed by some kind of self-acting catch or hook, in order to keep the 
tubs in position during the time of their being transmitted from the bottom of the shaft to the 
surface, or from the surface to the bottom. The best fastening for this purpose is Sne which acts 
by its tendency to maintain a perpendicular position. 
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Guides are always used in conjunction with cages, in order that the latter may maintain a 
regular motion in the shaft, and thus prevent those accidents which often occur with other systems 
of winding, by the corves or kibbles coming in contact with each other in tho shaft. When rigid 
wooden, or iron, guides are used, the guide chceks are pe in tho centre of each of the shorter 
sides of the cage; they are formed of sheet iron, and should be slightly bell mouthed at each end, 
so as easily to slip over slight inequalities. With flexible wire-rope conductors, rings are provided, 
at the top and bottom, at each of the angles of the cage. The top of the cage should be provided 
with an iron bonnet or roof, for the protection of persons riding in it. The cage is guspended from 
the winding rope by short chains at each of the upper cornera, and, in the case of heavy cages, from 
the middle of the longer sides as well. 

A wide margin ot strength must necessarily be allowed in drawing cages, and the parts should 
be strongly put together. The dead weight of the cage is therefore very considerable, and consti- 
tutes an important item in the load to be rawed. This dead weight should be reduced as much as 
possible, while at the same time preserving the strength and rigidity of the cage. Wrought iron 
cages weigh from 5 to 6 owt. when designed to carry a single tub, and from 9 to 10 ewt, when the 
carrying capacity is two tubs, whether the enge he a single or a two-deckir; while a tao-decker 
eave, constructed to carry four tubs, will weigh from a ton toa ton und a quarter, or even more. 
To reduce the dead woight of the cage, stoel ean be aubstitut.d for wrought iron. 

Figs. 704, 705 show a design for a single-decked wrought-iron cage, to carry two tubs; Figs. 
706, 707 a two-decked cage, to carry four tubs; and Figs. 708, 709 a four-docked cage, to curry 
four tubs. 
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Figs. 710, 711 are of a two-deoked steel cage, to contain four tubs ; Figs. 712, 713, a two-decked 
stcel cage, to carry two tubs, and to be used with wire-rope conductors. 

The guides, or conductors, in general use consist of lengths of timber, usually of Memel pine, 
which are placed vertically in the shaft, and held in position by being firmly bolted to croas timbers, 
called buntons, which are placed at regular intervals throughout the depth of the shaft. These 
buntons are ulso of pine, and they are firmly fixed into the masonry of the shaft, at intervals of 
ree 6 ft. The sectional dimensions of the cross picces are about 9 by 3 in., and the guides about 
4 by 3 in. 

The system of guides practically divides the shaft, or that portion of it which is set apart for 
drawing purposes, into two compartments, in one of which the loaded cage ascends, while in the 
other the empty cage descends; the arrangement of the guides may be varied in many ways, ac- 
cording to the requirements of the case. Generally only two guides are usd to each cage, one on 
cach side, and these should be placed in the centres of the fash or shorter sides, for when in this 
position they impart the greatest amount of stvadiness to the cage. The guides muat, of course, 
extend throughout the whole of the distance traversed by the cage ; they rach down to the floor of 
the levels entering the pit eye, and they sliould rise to the distance of a few feet above tlhe mouth 
of the shaft. @When the guides are fixed in the middle of the shorter sides of the rectangular space 
in which the cage moves, and when, as is usually the case, the tubs are run off and on at those 
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sides, it becomes necessary to work without the regular guides at the points where the cage is 
loaded and unloaded, and to provide an arrangement by means of which it may be guided on the 
other sides. 

In some oases bridge rails, and in others angle iron, are used instead of wood for guides; but 
whatever the material employed may be, it is esvential that the guides be regular in section, and 
the joints between the several lengths evenly and firmly made. Iron will, however, in consequence 
of its comparative want of elasticity, cause a greater amount of jolting in the cage than wood, and 
this is a matte of some importance, especially in rapid winding. 
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In Lancashire, and other English mining districts, the guides, or conductors, as they are more 
commonly called, consist of continuous round bars of iron. These are fixed to stout balks of timber 
at the bottom of the shaft, and are then firmly screwed to other balks situate at tho top of the head 
frame; the cages in these cases being provided with rings to run upon tho roda, instead of the 
ordinary guide cheeks, In many places wire-rope conductors have been substituted for these iron 
rods. Tlicy are rey secured in the shaft in tho same manner as adopted for the rods; but 
sumetimes only the upper ends are scrowed to the balks, the lower ends being passed through holes 
in the timbers, and heavy weights attached to their free ends. The advantage of this method is, 
that the guides are ee taut by the weights, and do not therefore require the constant supervision 
and screwing up which they otherwise would. 

The relative merits of rigid and flexiblo guides constitute a disputed question among mining 
engincers. The principal dofoct of floxible guides lies in the swaying motion which is set up in 
them and in the cage, especially when the velocity in the latter is high and the depth of the shaft 
great, This swaying motion may be in a great degree neutralized by the employment of four ropes 
or linos of conductors, but on account of want of rigidity, extra space should be allowed in the 
shaft, between the ascending end descending cages. To ensure safety, they should not be allowod 
to pass cach othor more nearly than 9 in, when moving in straight lines, 

Keeps or keps consist of a scries of catches, arranged over tho mouth of the shaft, and by 
means of which tho cago is supported during the time that the loaded tubs are being run off, and 
the empty tubs run on. They project slightly over the mouth of the shaft, and are so arrangod as 
to be lifted by the ascending cage, but being weighted they fall back into their propor positions 
directly it has passed ; the cage is then lowered on to them, and the operations of unloading and 
loading are commenced. When the cago is ready to descend agnin to the bottom of the shaft, it is 
first raised a short distance above the keeps, and these are then lifted out of the way of the cage, by 
means of @ serics of levers to which they are connected. These levers aro generally attached to a 
handle and worked after the manner of a railway switch, but they are sometimes arranged to be 
worked by tho foot. The keeps being raised clear of tho shaft, the cage descends, and as goon as it 
has passed the kecps, they are allowed to fall back to their proper positions. 

system of keeps may be contrived in a variety of ways; simplicity of construction and strength 
of parts being the only essential conditions in a design of this nature. One of the most simplo 
forma of keops is that in Fig. 714; while Fig. 715 is of another arrangement in which the catches 
are kept in position by springs instead of counterweights, but this is not a good plan, as springs 
are more liable to fail in their action than weights. 

It may be remarked here, that when the cages possess more than one deck or floor, the 
operations of raising and lowering upon the keeps have to be repeated for each of tho levels; and 

at the arrangements at the bottom of the shaft are similar to those at the top. To avoid this 
repotition, however, the arrangements sometimes include a series of stages at the mouth of the shaft, 
and inclined plancs at the buttom of the pit, by means of which the loading and the unloading of 
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the a, may be carried on at the different levels at once. This {s especially the case in Belgium, 
where four-decked cages are not uncommon. 

The accidents which ooour in winding operations are chiefly due to one of two causes, either the 
breaking of the winding rope, by which the cage is precipitated to the bottom of the shaft, or the 
drawing of the cage over the head-gear pulley by overwinding; and both of these accidents are 
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often attended with fatal consequences. In order to reduce thse accidents as much as possible, a 
large numbcr of inventions huve been brought forward durimg the last quarter of a ccntury; but 
though much ingenuity has been exercised im thcir construction, no perfectly satisfactory apparatus 
has at present becn introduced. 

These apparatus are of two kinds. The first, which are intended to prevent the accidents which 
arise from the brcaking of the rope in the shaft, are called safity cages; while those which aro 
designed to prevent the fatal conac quences of ove: winding are called saft ty hooks or catches. 

In safety cages the means adopted for preventing the desecnt of the cage in the shaft, though 
differing considerably in detail, are essentially the same in pmnciple in all. They consist of a 
series of clutches or eccentrics, which are caused to grip the guidcs immcdiately on the severance 
of the winding rope, but which are kept from contact with the guides so long as the cage remains 
attached to the rope. It will thus be seen that the safety of the apparatus depends upon the 
friction exerted by the clutches upon the sides of the guides; and this friction 1s often so great as 
to completely destroy the guides, where these latter are of wood. 

Against the use of all kinds of safety apparatus there cxist two great objections; for the 
adoption of any self-acting apparatus of this kind will often be found to cause a graduul falling off 
in the care and attention of the men, not only in the woiking of the machinery, but also in the 
examination and caro of the winding ropes and other parts of the apparatus, the whole safety of 
the working being left to depeud upon the proper action of the safety appliances, which may them- 
selves fail at the very moment when required. Besides the danger arising from this carelessness 
induced by a feeling of security, the apparatus itself introduces another element of danger into the 
working of the pit; for, if it is not frequently examined and kept in proper repair and working 
order, 1¢ will be apt rather to occasion than to prevent accidents, by causing the cage to stick in the 
shaft, or otherwise interfering with 1ts working. These appear to have been the opinions held by 
sume members of a committee appointed by the North of England Institute of Mining Engineers, 
in 1868-70, to investigute as to the value of safuty cages and hooks. 

Various stajements were, however, made by this committee as to accidents in which the safety 
appliances had proved of value, showing in such cases the action of thc apparatus. 
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Previous to 1869 there had been at the Vach, Garth, and Wyndham pits, two broken ropes, 
On the first oorasion the cage was 40 yards from the bottom of the pit, with two full tubs of coal, 
which together with the cage weighed 45 cwt.; the cage fell about 7 or 8 ft., while the levers of 
the safety catches grazed the conducting rods, but no other damage was done. On the second 
occasion, the driver wound the cage up to the pulley and broke the chain, when the 
a pd came into operation and no damage was done. On another occasion, four men were in 

e cage being drawn up the pit, the rope broke, the catches ploughed the wood guides for about 
4 ft, and then held the cage fast, till the men were wound up by a capstan rope. An experiment 
was made by kepping the cage and pe six yards of slack rope on the pit side of the pulley, 
and then knocking the cage off, it slip own 12 in., and was held firmly. The experiment was 
varied by allowing the slack rope to be on the drum side of the pullcy, the slack rope over the 
pulley phat igen the catches from taking firm hold of the rods, and the cage with the tub, weighing 
altogether 20 cwt., fell till suspended by the rope, the guides being split more or less the whole 
distance. On one occasion, while winding coal, one of the side chains broke, and the cage was sus- 
pended without much damage to the guides, which did not require changing. On another occasion, 
while winding water, when fonk and cage, about 40 owt., emerged from the sump, one of the side- 
chains broke, the catches slipped about 4 ft., and cut the guides nearly through, and aplit and other- 
wise damaged them, so that they had to be replaced for about five yards. Again, a bridle chain 
broke at one of the Wyndham pita, tle lever entered the conducting rod and stopped the cage, which 
fell about 12 in., causing no damage. 

With Ormerod’s disconnecting huok at Bunker Hill Colliery, tho brakesman took up the cage to 
the pulley with three men in, the cage was caught, and the men were uninjured; on another 
occasion, the descending cage was allowed to go down too quickly, and the ascending one ran up 
to the pulley, when the rope was disengaged, and the cago suspended. 

Although this report includes mention of several other systems, and other applications of the 
systems named, the prevailing statement 1s that no practical occurrevce has enabled the Committee 
to form an estimate of the value of the apparatus. 
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Owen’s safety cage is shown in Figs. 716 to 719. Fig. 716 is a side elevation, showing the 
manner of attaching the apparatus to the , and Figs. 717, 718 are enlarged views of the details; 
while Fig. 719 shows the haps of the jaws o the levers as adapted for use with wire-rope conductors. 
A are the guides; B are the suspending rods; C levers to which the suspending rod are attached, 
and which, when the weight is carried, keep the levers E from coming in contact with the guides; 
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D are springs for giving motion to the lovers C and E when the rope breaks, F is a wrought-iron 
plate fixed to reid of the cage, and to which the apparatus ic’ attached ; and G is the frame- 
work of the cage. Upon an examination of the figures it will be seen, that when the ding 
rope breaks, the springs D will force the levers EK against the guides, and the cage will remain 
ded. Every time the cage is on the keeps, both at the top and bottom of the pit, the rope 
will slack and the apparatus will come into action, and press upon the guides, 

Broadbent's safety cage, Fig. 720. A are the guides; B the suspending chains; © levers to 
which the suspending chains are attached, and wiich, when the weight is carried, keep the 
eccentrics E from ey contact with the guides; thero is a spring for giving motion to the 
levers C and eccentrics E when the rope bronks; F a wrought-iron plate at side of cage to 
carry the apparatus; and G the framework of the cage. When tho suspending rope breaks, the 
springs will force the eccentrics E aguinst the guides, and the cage will remain suspended. 
Every time the cage is on the keeps, both at the top and bottom of the pit, the rope will slack, and 
the apparutus will come into action and press upon the guides. 





Calow’s safety cage, Figs. 721, 722, diffors somewhat from those just described, in that it is not 
pad cat for 1ts action on any direct attachment to the rope. A the guides; B tho suspending 
or chains; E an eccentric carried by a shaft H, on which is also keyed tho lever C; D is a 
spring which is made to nd the weight I, and keep the eccentrics clear of the guides, so long 
as the speed of the descending cage docs not approach that of a falling body But by the cage 
falling, or through any sudden jerk, the pressure of the weight I on the spring D ceases to be so 
intense, and therefore the spring lifts it, and sets in motion the eccentric E, which grips the guides 
and prevents the cage falling. .Tlis apparatus therefore does not come into actiun each time the 
cage is stopped or resting on the keeps. 

A side elevation of King’s safety cage is shown in Fig. 723. A is one of the guides; B B are 
the suspending chains; CC levers to which the suspending chains are attached, and which, when 
the weight is carried, ro the levers or eccentrics E from coming in contact with the guides; D is 
a spring on each side of the cage; it is made of a steel bar turned round at H, where it is carried 
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by the suspending chains, and the lower ends are Fats on the levers O; thus the spring, when 
the suspending chains are taut, ri phe eccentrics Ei away from the guides, but when the suspending 
ry tus gives way, it forces the levers © outwards, causing the eccentrics E to seize the guides; 

a wrought-iron plate fixed to the side of the cage to carry the apparatus; and G is the frame- 
work of the cage. Every time the cage is on the keeps, both at the top and bottom of the pit, the 
rope will slack and the apparatus will come into operation and press upon the guides. By altering 
the edges of the levers they can be made to suit iron-wire guides. 

Fig. 724 is of Denton and Whittaker’s safety cage. A are the guides; B the suspending 
chains; O levers to which the suspending chains are attached, and which, when the weight is 
carried, keep the levers E from coming in contact with the guides; D are springs giving motion 
to the levers O and KE when the rope breaks; F is a wrought-iron plate at the side of the cage 
to carry the apparatus ; G the framework of the cage; the springs D are bolted together with a stop 
H into the plate F, and the levers O are so arranged that the stop works in slots I, which regulate 
the travel of the levers, When the suspending rope breaks, the springs force the eccentrics E 
against the guides, and the cage will remain suspended. The apparatus will also come into 
operation every time the cage is on the keeps, either at the top or bottom of the pit. 
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Theo following is a doscription of White and Grant’s safety cago. Fig. 725 is a side elevation, 
and Fig. 726 an end view. <A aro the guides; B suspending chains, which are canicd to a 
bar 6, which payses through a guide in a bow of F, which is made strong enough to take the 
whole weight of. the cago and is carried by the stop 6’ at the ond of 6; D shafts to which aro fixed 
the quadrunts O, and the eccontrics E; and G is tho framework of the cage, The action of this 
apparatus is similar to that of King’s safety cage, 
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to carry the apparatus; G the framework of the eage; I is a shield, and K a strong bar for 
pi the g- When the suspending chain badnwae ri asprin force the levers against 
the guides, and the cage will remain suspended. By the falling of the rode B, the apparatus will 
come into action every time the cage is on the keeps either at the top or bottom of the pit. 
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King’s safety grip for winding cages, constructed for uso with wire-rope conductors, is 
shown in Figs. 729, 730. Fig. 729 shows the cage attached to the winding rope, and Fig. 780 
the grip brought into action by the breaking of the rope. In tlie figures, A is the framework of 
the cage; B chains for attaching the cage to tho winding rope; O guide-ropes, and D guide-rings 
attached to the cage, and through which the guide-ropes pass; E the grips; and F a st el 
spring, which ensures the grips acting immediately the rope is broken. This grip has been largely 
employed not only in collieries, but also in furnace lifts, and similar appliances. 

Safety, or disconnecting hooks, as they are generally called, arc intended to prevent the fatal 
consequences of overwinding. They cause the hook or link by which the cage is suspended from 
the rupe, to release its hold of the rope, by striking against a portion of the framework of the head 
gear, arranged and placed at a certain height fur that purpose; in this way the rope is saved from 
rupture, while the safety of the cage is left to depend on the ordinury safety apparatus. In some 
kinds of safety-houk, however, the cage is not only detached from the rope by the action of the 
hook, but is at the same time suspended by it to the framework of the head gear, and its safety thus 
depends un the action of one apparatus only. 

The objection to appliances of this nature lies in their ol A see liability to release their hold of 
the rope, when not required to do so, as the effect of a sudden shock brought upon thom, It is, 
however, but just to remark that hitherto no accident of this kind has occurred. 

In the following paragraphs we illustrate and describe the must generally known and adopted 
of these appliances. 

Fig. 731 isan end elevation, and Fig. 732 a side elevation of Onnerod’s disconnecting hook. 
Fig. 733 shows the hook of this apparatus, disconnected fiom the winding rope, and hanging sus- 

ded to the conical cylinder, which is attached to a beam near the top of the pulley framo, 
Phe apparatus when attached, asin Fig. 732, is wider at the bottom than at the top. When the 
book is drawn into the cylinder E, which is conical, the points H, coming in contact with F, begin 
to close the bottom, open out the top, and force the shackle A from its seat into the slot D, which 
allows the rope to go at the same time the shackle B is forced out of its seat into the bottom 
slot D’, and locks itself; and the cage, being suspended from the chain, cannot full back again. To 
a the link from becoming detached or deranged, at any time, in the pit, it is locked by the 
Calow’s disconnecting hook is shown in Fig. 734, attached to the winding rope and to the 
cage a8 in work; and Fig. 785 shows the same hook detached. It is made of stecl, and held 
together by means of a slotted plate B. The weight of the cage rests on a pivot D in the centre, 
which pivot hgs a constant tendency to divide the upper portion of the hook. The instant the 
hook comes in contact with the ring A, shown in section, the slotted plate is forced off the lower 
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as in Fig. 784, the strain is thrown on the slotted plate 
shown in plan at B’, Fig. 785, and the bearing for the pivot at 
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King's disconnecting hook, Figs. 736 and 787, 1s 
composed of three pivces, B, B’, and D, joined to- 
gether by the pin©. B and B’ havo hooks at F, 
which, when in the position Fig. 736, hook over 
the shackle A, and secure the cage to the rope; 
but when the projecting ends B B’ press against 
the ring E, which is suspended near tho pulley, 
they assumo tho position Fig. 737, and disconnect 
thomnselvos from the shackle A. 

In Denton’s disongaging hook, Fig. 738, A acts 
as an open link, with the bend or hook ata very 
strong, to cneure its bearing the requisite weight ; 
B is a guaid, to prevont the 1ing of the rope slip- 
ping off the hook. The guard has open slots, over 
which two latchos } drop, to keep the guard in its 
place, the latehes boing held down by two springs, 
one of which is shown atc, which bear on studs 0’. 
The parts A and B aro jointed together at d, and 
the two latches couplod together, by the tail-piece 
e being inserted between them, and al) three rivetcd 
or bolted together, as at f; in the event of the cage 
being overwound, previous to its going into tho 

ulley, the tail-piece coming in contact with a cross- 
wan, fixed for the purpose, will, by turning on its 
joint g, lift the latch 6 off the slot, thereby remov- 
ing the impediment to the separation of A from B 
at tho point a, and A having a shoulder at 4, it fol- 
lows that when the latch 6 comes in contact with 
this shoulder and the cage is atill going upward, 
the tail-piece will be arrested by the cross-beam, 
and turn the portion A of the slip catch over on its 
back, when the rope-ring K must slip out and leave 
the catches and cage behind. 

Brylam’s disconnecting hook is shown in Fi 
789 to 741. Fig. 789 is an end elevation; Fig 
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en at work, 
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740 a side elevation of the apparatus in working order ; and Fig. 741 a side view, showing the cage 
detached by overwinding. A aro two wrought-iron plates forged with a alot B,"to receive the 
shackle C to which is attached the cage. D is a wrought-iron disengaging plate, forged with the 
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slot E, and fixed between the plates A A, and is kept in ite working position by a emall brass pin F'; 
G is a wrought-iron plate fixed in the head-gear framing, and baviog a large hole in it thfeugh which 
the rope works. n the cage is raised too high, the hook, being attached to the rope, is drawn 
through the plate G; the circular hole in this plate is made of such a diameter as to prevent the 
hook pasaing through it without first cutting the small brass pin F, by pressing in the plate D, and 
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removing the shackle C with its load from their working position into the slot B, which is thus dis- 
connected, as in Fig. 741. To prevent the cage from falling down the pit-shaft, catches are 
fixed in the guides, so arranged that the cage in ascending raises the catches, and immediatcly it 
has passed them they fall into their original position, and receive the cage when disconnected from 
the rope. 

Figs. 742 and 748 are MoGill’s disconnecting hook. A is the main shank, forged with ono 

rtion of the eye, in which the bridle B, with its roller rests. The clip C closes up the eye, and 
fs kept in its place by the spring D, pressing upon a pin at the end of the horns of the clip. The 
cross-bar E comes in contact with the flanges of the pulley, and causes the cyo-bolt to assume a 
diagonal position, the bridle B and its roller are thus brought on to the clip C, and the weight of 
the load overcomes the pressure of the spring D, the clip C assumes the position shown in dotted 
lines in Fig. 742, and the bridle with its luad is thus disconnected from the rupe. To prevent the 
cage from falling down the shaft, two catches are fixed in the timber guide-rods, acted upon 
springs from behind. When the cage is ascending it forces the catches back, and the moment it 
they resume their original position, and receive the cage when it is relieved from the rope. 

Walker’s detaching hook, Figs. 744 to 747, consists of a pair of jaws D, working on a centre 
pin E, in such a manner that the weight of the load has a tendency to the upper limbs, which 
clip the strong centre pin of the shackle A. The upper limbs are formed externally with jaw hooks 
¥; and the jaws kept ther, and made to retain the shackle pin by the clamp H, held in position 
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being shaken off either while the chains are slackened by the momentum of the or 
ite fallin back. me ae 


King’s detaching hook, Humble’s arrangemettt, Figs. 750 and 751, consists of two plates, shown 
by the dotted lines; these are fixed between @ framework of two outer plates A, so as to oscillate 
about a strong pin B, which passes completely through both the plates and the framework ; all 
of these four plates being for the greater 

rt of their length of the same width. a 

hen in operation holding the cage the 
grip is very firm. O, Fig. 751, represents 
a section through the ring or catch plate 
for disconnecting and suapeniing the hook. 
This plate should be firmly bolted on to the 
top side of oak beams, set at a proper dis- 
tance apart, and securely fastened to the 
head gear. The dimensions of these beams 
should be such as to allow of a wide margin 
of safety, over the load which they will have 
to carry, as before remarked. 

In case of overwinding, the whole of the 
apparatus is drawn upwards until the pro- 
jections H come in contact with the guide 
plate O, which presses them inwards, thus 
shearing the locking pin P, and forcing 
out the points E, at the same time allowing 
the top shackle F to escape by the slot G. 
The projections E then drop back upon the 
guide plate O, and the cage is thus sus- 
pended, and, together with its contents, pre- 
served from injury. 

In order to prevent the possibility of 
overwinding the cage without using safety 
hooks, winding engines are often fitted with a powerful self-acting steam brake, which is brought 
into action as soon as the cage emerges from the shaft. 

In an apparatus of this kind used at Clay Cross, Derbyshire, the ascent of the cage shuts off the 
steam, and puts in motion an ordinary brake, which stops the engino before the cage gets 8 ft. 
above the landing. Another plan is to use a pair of coupled horizontal engines, the steam being 
freduelly shut off as the cage approaches the surface, by the automatic reversing of the working 
ak r; and the steam brake, if the cage ascends too far, is thrown on before the cage can reach the 

ulloy. 

CALCULUS. 

The term calculus, although pasts is rpc applied to the mathematical methods more 
definitely known as tho Differentia] and the Integral Calculus. It would be impossible to include 
in any one work a complete list of reduction furmuls, applicable to all cases requiring this class of 
investigation, and the information in theso pages has been confined to the description of the 
elements ot the calculus, so far as are likely to be of use to the practical engineer. Those who 
wish to pursue the subject in its more abstract relations are referred to the various text-bvoks. 

Before describing the object of the calculus, it is necessary to as out the nature of the ideas 
on which 1t is based. The differential caleulus deals with infinitely small quantities, or quantities 
which may be made os small as we please, and we may at any time take these quantities to be so 
small that, when necessary, they may be disregarded. Between any two or more limits an infinite 
number of terms may exist, constantly appioximating to a subsequcnt tirm, which is one of the 
limits, but which is never reached. This idea is difficult to grasp, but that it is feasible is 
illustrated by the following numerical example. Let there bo constantly added to one term, say 1, 
any number of te:ma, in such a maftner that the term addcd is half that which precedes; the series 
will goon gradually approximating in its sum to the other limit, say 2, but never attaining this 
other limit. Thus 
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nover is equal to 2, although it may be brought as near to equality as we like, by continuing the 
series to a sufficient longth. ; 

A quantity also may be of appreciable dimensions in itself, bat compared with another quantity 
becomes quite unworthy of appreciation, examples of which are occurring in everyday practice. 
Thus, the expansion by heat of an iron bar or er may be inappreciable, except in only ono 
dimension, that of its length ; and in calculating for the effects of temperature we may neglect any 
expansion except in this direction. The doctrine of infinitesimal quantities, when regarded from a 
practical and not from a metaphysical point of view, is thus not difficult to grasp, and enables us to 
understand more easily than any other basis the at rears of the calculus. 

The object of the differontial caloulus is, to determine how small changes in some variable 
quantity, cause variations in the value of a quantity depending upon this variable quantity. In 
some branches of physica, by considering the variations experienced by a single majecule, the total 
effect on the whole body may be learnt. 

The integral calculus haa for its aim to ascertain from the ratio of such changes, Leah baa 
function or law of these’ changes. Its object is therefore just the reverse of that of the differenti 


calculus. 
Both the calouli differ in their operations from those of ordinary algebra, by dealing with 
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variable instead of constant quantitics. It is usual with mathematicians, when dealing with 
constant quantities which retain the same value throughout the problem, to oy prin these quan- 
tities by the earlier letters of the alphabet, a, 4, o,....and variable quantities by the later letters, 
OS 2, ¥, 2. 

The dependence of a quantity y upon another apentily @ is expressed by a formula, as y = a2, 
and 5 said to be a function of x, and the equation may be written under a general form y = f (x) 
which does not tell us anything of the exact relation until the definite or determinate form is 
known. As an unlimited number of solutions may be found for y = f (x), that one of the variables, 
x, which may be chosen at will is termed the independent variable, and y the dependent variable. 
In y = aa™, a and m are constant, because if these were to vary, no one definite law could ever be 
determmed from the relation of y to z There may be, however, two or mote variables, as 
2 = f(x, y), and the case meet with solution if there are a sufficient number of oquational relations 
given to determine the law. 

All such relations admit of graphical illustration, thus the area of a parallelogram depends upon 
its breadth and length, the contents of solid upon an additional variable of width. 

If the independent variable of a function, such as the abscissa A M = x, Fig. 752, is increased 
by an infinitely small quantity M N = d x, termed the differential of x, the ordinate or dependent 
variable y = M P becomes N }, and is increased by a corresponding differential d y. 

The two letters, dz, dy, represent one quantity in cach case, and it is not to be understood that 
@ is to be multiplied into y or z as in ordinary algebra. Upon this reasoning 


yt+dy =f(@+4z), 


dy=f(e«+dz)—fr, 


by ordinary algebra, and is the general rule for the determination of the differential of a function. 
Ify=23,dy=(#+dzeP—at= (84+ 2rdxr4+de*)—22°=2adz+d2z*, Asdz is amall or 


fractional its square will be smaller, and may be disregarded, so that dy = 27 dx, and st = 22, 


the ratio of the differentials. 

The general rule for differentiation is sometimes expressed thus; To difforontiate any power 
of the variable x, deduct one from the index of the vanable, and sibtal od by the original index, thus 
d(x") =n2"-1, The following table cludes some general examples of differentiation, 1¢ being 
understood that constant multipliers or divisors of a variable tbe remain unchanged by 
differentiation, but that terms added or subtracted disappear. Thus d(nz*)=3n27.da; and 
d(n+ v*)=32*. da. 


and 
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The contents of a square are represented by y = 7°, or AB OD, Fig. 758, and by the addition of 
the differential B M = dz, the square is enlarged by two spaces BO and D P = 2x42, and bya 
uare, d z*, which latter we may neglect as we are to consider B M very small, so that by the addition 
dz, the ecqagre oF y 1s increased by 2(x dz), 2 being the side AB. This graphically illustrates 
the simplest eXample of differentiation. 
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The tangent to the curve T P Q, Fig. 752, is determined in direction by the angle P TM =<, 
and when the curve is concave this line is outside, but if it were convex, the —— would be 
inside between the curve and the sbscissaraxis. Supposing PQ B to be an infinitely small right- 
angled triangle with the base PR =dz,and RQ = dy, the angle QPR=PTM =<, and 


tan. QP R= eid or ten, a = SE; so that the ratio of the differentials dy and dx gives the 


trigonometrioal tangent of the tangential angle a. The portion of the tangent PT, Fig. 752, is 
generally termed the tangent, and its projection upon the abscissa-axis, or T M, the sub-tangent. 


Therefore, subtan. = P Mcot.P TM = y cot.a =y a 


That the constant members of a function disappear by differentiation, is better understood from 
consideration of the following example. In the curve AP Q, Fig. 754,P R =dazand RQ=dy; 
and in the curves AP,Q, and APQ, Fig. 755, also the co nding ordinates have definite 
relation to one another, and the relation between the differentials R, Q, = NQ, ~ MP, and RQ = 
NQ — MP is the same, and will continue so, however many times the diagram may be enlarged or 
diminished with preservation of existing proportions. 

If y = u + », or the sum of two variables, dy =u+ du+v+dv—(u + v), ord(u+v)=du 
+dv, That is, the differential of the sum of several functions is equal to the sum of the differentials 
of the rips functions, This is shown, Fig. 755, by consideration of the curve APQ. If 
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MP = f(x) and PP, = another function of x or * (x) 
"4. 756. 
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because P, 8 can be drawn parallel to PQ, and consequently R, 8 put = RQ 

If u and v are the unequal sides of a rectangle, y = « v will represent the area, and dy = (u + du) 
(o+ dv)—uv=uv+ udv+odut +dudv—uv=ude+vdu+dudv=udv+ (o+dvjdu, 
And as dv compared to vis indefinitely small, we can put v + dv = v and (v + ss du=vdu; also 
udu + (v+dv)du=udv+vdu=d(uv). The differential of the products of two variables is 
equal to the sum of the products of each variable by the differential of the other. 


Similarly it may be found for the differential of a quotient y = =, by putting wu = v y, that 


MP,=y=f(2)+/'() and dy=R,Q, =R, eo oe a =f§Ort eh: 
a = 0 


dusody+ydo,anddy = [47940 _ dade Led or ee eas 

If on the coordinate axes, Fig. 756, from the point A, at the distances = + 1 and y = +1 we 
draw the parallels N X, M Y, and the diagonal Z through the point P,, we shall be able by repeating 
this diagram on the three remaining quadrantal arcs around A, to obtain all the curves given by 
the equation y = <*. For every point on the abscissa-axis, y = 0, and for every point on the 
ordinate axis, z = 0; for points in N X,, y = + 1, the sign changing according to the position of 
the lr andin MY,,2= +1. . 

If 2 = 1,y = 1 or —1, consequently all these curves pass through a point P, whose ordinates 
are AM=landAN=1, Ifn=1, we have all points in the line AZ. Ifn is ter than 1, 
convex curves are obtained, and if » is less than 1, the curves will be concave. If n is taken as 
variable and is gradually decreased until it = 0, the ordinates approach the value y = z* = 1, and 
the curve approaches the abrupt line A N P, X, ; but if » is increased, y approaches 7 oo = 2? = ow, 
and 2 = y == 1, the curve approachi AMP, Y.. Ifn = — 1, y = z ~', and the curve approaches 
the axes but never reaches them, and its curvature is convex or concave as # is smaller or greater 
than unit . Tf n is an entire odd number, y and # have the same sign; if even, y becomes positive 

ora ues of 2. 
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If in y = 2 — *, = is an entire odd number, y and 2 have the same signs, and ifs is an entire 
éven number, every positive value of » has two equal values for y, one of which is positive and the 
other negative, and yet Mrs value of 2 has y imaginary or impossible. Oo i) 
curves are found only in the first andthird quadrants in the first case, and in the first and secon: 
quadrants in the second case, approaching as m = oo, the values X, N Aand X, NY. 

These curves enable us to determine from inspection of any formula involving y = <*, the cours 
of the curve in the special instance. 

From the formula d (2*) = » *~'dz, the formula for the tangential angle represented by these 

x x 


curves is tan. a =" =nF— t and the subtangent = y T= = 


x 

When a straight line AO, Fig. 757, cuts the 
abscissa-axis at an angle O A X, represented by a, 
and lies at a distance OK, represented by n from 
the coordinate origin OC, the equation of a point in 
this line is y cos. a—2z sin. a= 2, and 80 
n=MR—-ML, MBE & ycos. a andML = zsin. a. 


When « = O, y= COB=t=—— and % = 6008. a, 
C08. a 


rE ad 


and y 008. a—2z sin. a=5 cos, a, or y=b+e 
tan.a. The lines 0 Aand OB measuring the dis- 
tances from where the line cuts the axes to their 





origin, are termed the parameters of the line, and are x 
usually designated by the letters a and 6, As 4ae@ ¢ al ; 
CA=—a, tana = oe _* , and the equation of the atraight line becomes y= b — — a, or, 
oy 

P + , = 1. 


A line, which lies at a determinate distance from the origin of coordinates, and to which a 
curve gradually approaches without ever entering into actual coincidence, is termed the asymptote 
of the curve Some mathematicians consider the asymptote as the tangent to a point of the curve 
situated at an inflnite distance, and under this form the equation admits of easy treatment by the 
gaan The angle that the tangent makes with the abscissa-axis can be learnt from the hy ation 
tan. = —Y an = .a2— sin. a = (y— @ tan. at SS 

dz 20d the distance » from n = y 008.4% — sin. a = (y tan. a) cos. a Tana 

y— ot 


d 
WA ETAY , when the value of x is substituted and y put = o. In order that the converse 
] ~- —— 
a 


may hold good, or that a tangent to an infinitely distant point may be an asymptote, when x or y 
= o, y= tan a, or ycos.a — 2 must not become infinitely great. In the curves, Fig. 756, the 
abscissa-axis represents the conditions of tan a = oo and n = 0, and the ordinate axis, tan. a = 0 
and n = 0; and these axes are therefore asymptotes to the curve of the equation y = 2~ *. 

The greatest value of the calculus to the engineer consists in the aid it affords, in tho deter- 
mination of cases of maxima and minima, as well as in learning at what point changes of condition 
occur After stating the principle, a few examples will ulustrate the subject sufficiently to place 
in the hands of any ordinary algebraist a tool, the value of which he can at once ascertain for 
himself. 


If successive values of z be substituted in the ratio of the differentials st which, it has been 


seen, is the formula for the tangent of the seni ary angle, all the positions of the tangent to the 
corresponding curve are obtained. When « = 0, the tangent of the angle at the origin of the co- 
ordinates 38 obtained, and when z= o the tangent of the angle for an infinitely distant point, 
By determining where the ene to the curve runs parallel to either of the coordinate axes, because 
then one or other of the coordinates z or y have their greatest or least value, the maximum or 
minimum value of z or y is obtained. When the curve 1s parallel to the abscissa-axis, a = 0, and 
tan, a = 0; when parallel to the ordinate axis, a = 90° or tan. a = o, Hence the following rule ;— 

To find the value of z corresponding to the maximum or miuimum of y, put the ratio of the 


differentials a = 0, or = o, and resolve the resulting equation with regard to a. 
The equation of the curve, Fig. 758, 18 y = 62 — 44.27 + 2°, and 


Fy TO ~ 92+ Sat = 8(2 — Bz + 2%) = 8(1 — 2) (2 — 2). 


Putting of = 0,1—2 = 0, 0nd 2—2 =0, ore = Lends = 2 Substituting these values in the 


foregoing formula for y, the maximum value of y or M P is = 6 — 44 + 1 = 23, and the minimum 
value N Q = 12 — 18+ 8 = 2. 

When a curve is convex to the abscissa-axis, the differential of the tangential angle is positive ; 
when concave, the differential is negative, and when the differential of tangential angle = 0, there 
Se eee geen ree one and the ordinate at this point is neither at a maximum nor at 
& minimum. 
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This refers to the differential of tan. a, and as SY = tan. a, the expression becomes d (tan. a) or @ 


d 
~ , or to the differential of a differential ratio, termed by mathematicians the second differential. 
The obtaining of differentials of higher order than the first, or successive differentiation, as it is 
termed, will be presently explained. 

Fig. 759 illustrates 8 curve with a point of inflexion or change of curvature, and Fig. 760 a 
curve of converse character. 
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As an example of the 7 sasha of the calculus to the determination of the conditions of 
obtaining a maximum, let it be required to learn the dimensions of a cylinder, which for a given 
contents V has the smallest surface 8S. Denoting the diameter of the base of the cylinder by a 





and tho height by y, the contents V = 72 y. The surface or the area of the ends added to that of 
the cylindrical surface, 
202? 


The firat equation V = i «* y gives 


rys al orwxsy=4Va7}, 
Substituting this value of wz y, : 
§= > +4 V0-3 


§ and x may be treated as coordinates of a point in a curvo, and then 


ide aces a yer 
ax 


Equating this to 0, ; 
ex2= a orws' = 4V. 


ete 
This equation carried out with regard to x, gives @ = J <* , and the second differential or 


d @ = (= + =) dz, being positive, this value satisfies the minimum conditions, or the height 


must be made equal to the width. 
As another illustration, let it be required to learn the dimensions of a cylindrical vessel which 


for a given contents will need the smallest amount of material. From the preceding, 
2 
S= - $4V0-1, 


and from this 
at 


2 a’ 
whence 


ai pees 
cna and y = $x, 


or the height must be only one-half the width. ; ; 
Aga tical example, let it be required to find when the strain is at a maximum in a lattice 
etree: Pet W be the weight distributed ; S the strain at centre of top and bottom flanges; L the 
ength of bearing of girder, or otherwise the span; D the effective depth of girder; and = the dis- 
tance of any point from the abutment. The formula given for 8S is 


W 
spi Ue ~ *) 
Wise constant multiplier in all cases, and we may substitute for it the letter a 
Then 8 = a (L2— 2%). 
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Differentiating, 
as Lg!) — 2a2%-l= aL —2az, 
dz=a 


Patting this=0,2az =aL,or22=L,orz = : or at half the span. Since the second differential, 


or differential of aL — 2a2 is — 22, or is negative, S is in this case at 8 maximum. 
Aguin, in any girder, whether straight, curved, continuous, or not, if the bending moment at any 
int be expressed as a function of the vanable z, the shearing force at the same point 1s expressed 
y the differential coefficient (ratio) of this function. 
Thus, the bending moment being expressed by B = W (2 az — 2*), the shearing force will be 
te = W (2a—22) =2W (a—2) 


Successwe Differentiation —By differentiating a first differential d, a second differential is obtained. 








d 7) 
; ‘ dy dx dy 
Thus, reprosenting the first coefficient by the second becomes Tz Gm and as a third 
d 3) 
: ; d x? By 
result thero is obtained or —-,: In these cxamples, d*y, dy, the indices are only 


au dx 


symbols of the successive differentiation as regards the numcratois, but in the denominators the 
index denotes the actual power of x. 








d? 

And if y =a’, 

dy . ey dy dty 
then —— = log.,a.a : Jet = (log. ¢ 4)? a*s Fy = Clog. ¢ 2)? ar; gt = 08. 0'a% ote. 
If y = log. . 2, 

dy_ 1 dy __ 1, @y_ 1.8 dty  1,2,.8 By _ (1.2 8.4 
hee aide ata tages ae taste 
Ify = sin. 2, 

d d? ; a d‘ d’ 
then — = + cos, x; fe 78a TY = — 008. 2; SY = + sin. 25 5 = + 008, 2, ete, 


If m be the number of times of successive differentiation, the following table will give the series 
that may be developed ,— 





a amy 
ify= aa - 
xz" n(n—1)....["*~—(m—1)}2*-™ 
x" (— 1I*xtl... 8+ (mn —1)ae-et 
a* (log . a)"ax 
sin #” n™ sin (nz + 4m) 
log. x (—)"*—!(m — 1) (m@—2)....38.2.127-™" 
it: 2(1—2)-"+!m(m—1)(m—2)....8.2.1 


If y be a function of x which it is possible to develop into a serics of ascending powers of z, and 
let 4 be any indetermmate quantity, then y= A+ Ba + C2? + D2? + Kut, otc. When x 
becomes by a small increment z + 4, y becomes y' and 


d dy ih? dy h d‘y h* 
t uwesmus a a) a ee a Qi nr ne ee re { 
Yavtsot+aga Data estar. t 


which is Taylor’s theorem ; or 


dy 1 (dy 1 (+2) 
Dn es ee en e omen. ae wnat 
y =y+5%e+ (54) t+ 973° Na) ™ + en 


which is Maclaurin’s theorem. 
The value of the differential calculus, in this branch of mathematics, is not so apparent to the 
man, but to the algebraist the saving of labour will be at once evident. 
Integrationa—The ordinates, Fig. 761, may be considered as consisting of an indefinite or infinite 
number of elements, nof necessarily equal, because of their smalincss, F B, GO, HD, K E, corre- 
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sponding to the equal differentials dv = AF = F'L, ete,, and when dy = f(#)d#, y can be deter- 
mined by summing all the values of ap aes by substituting pods 2 (oh, @ x for x, d 2, 

orlganted by these 
él, 


P 


2dx, &.,tonda=a, This summation is the process of integration, and is d 
J, summa, placed before the general expression 5 
rel is haa herr ay is to be 

en. us for y = dx) +f(2d2)+ 
f@da+-.... Pas ig Pa Soha 


f(@) da; and y is termed the integral. The 
ntegral is sometimes to be obtained by sum- 
ming up the series, but the simpler proceedin 
ae ae employ one of the rules of the integral 
us 


Lot n be the number of differentials dz con- 





tained in 2, then # = nda, ord a = -, and 4 F L M WN oO 
fro =[1@ tC) +1) + CE. 
For the differential dy = ax da, 


y=farda=adz(dx+2da+8dx+ wooo fndz)=(1+243+.....¢n)adz'%, 
When the number of terms n is infinite, the rules of the summation series show that for 

a? ax 

2 


ry 
1424+844+45....¢n= dn’ and dat = —,y=farda= gna => 


Whence the rule for integration ;—Add one to the index of the variable, and divide by the 


n+l 
index thus increased. The general formula for tho rule is fa"da = = 7: Thus f8actde= 
BaxzIt) 





=a x, 
A constant factor or divisor may be removed from the process of integration, thus 


Sods =b fda. 


An additive or subtractive term must reappear in integration in the form of an arbitrary con- 
stant, thus [8 2%d2 = 2 +0. 

The signs of integration and differentiation neutralize one another, so that f du =x, 

These rulos are clearly the converse of those given for differentiation. 

When the constant ¢ cannot be determined by mere integration, the process gives only an sde- 
finite integral; and in order to find the value of the constant, two of the corresponding values of x 
and y = ff@ da must be found. If for « = 1, y =m, and yff@dzx= c+ f(x), then m = c + 
f'@®, andy —m a (x) — f' (, and the constant « = m— f'(/). 

The determination of the constant leaves the integral still indefinite, for any value of x can be 
assumed. If the definite value m, of the integral corresponding to the definite value J, of a, is 
required, this value must be substituted in the integral already found, or m, = m + j"(i,) — /" (i). 


Thus, tho indefinite integral y = fads = =a gives for z = 1, y = 8, the constant c = 8 — 3 = 
zt §+2° 
23; therefore the integral y= fade=o+ 5 oan ae and for # = 5, y = 15. 
But the value of « for which y becomes equal to zero is generally known, and in that case 
K = 0O;; so that any indefinite integral of the form f f (4) dz= f' (@) gives the definite form 
m, = f1(1,) — f'(i,). This can also be found by substituting in the expression for the function of x in 
the indefinite integral the two given limits, |, and / of «, and by subtracting the values found from 
one another, The process is represented symbolically by 








[ 3 4 pane 
ih feddavotatit [rede =S, [” f(x)dz =e, 


The converse of one of the foregoing differential formule shows that the integral of the sum of 
several differentials, is equal to the sum of the integrals of each of the differentials. 

The differentials of the i aaataccaan functions already tabulated will be explained by con- 
sideration of Fig. 762, in whi 
CA=OP=CQ = radius = 1, thearoAP=2; PQ=dxz; PM, =sin.z; CM=008.7; ABS 
= tan, x, OQ =NQ—MP = sin. (2 +d2)—sin.e =dsin x; OP = — (ON —CM) = — con, 
(a + dx) + 008, @ = ~ dcos.2,and ST = AT —AS = tan. (2 + dz) — tan. 2 = d tan. x. 

The influence of errors in the aro or angle upon the sine increases as cos. z becomes greater, or 
as the aro or angle is smaller, while on the contrary the influence upon the cosine increases with 
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increase of the sine, or the nearer the aro approaches to 5. The differential of the cosine has the 


opposite sign from that of the aro, for increase of x, cor nds to a decrease of oos. 7, and vioe 
vered, Inversion of the differential formule will therefore give the integral, thus 


fom dz = sin.z 


cos.! x 


By integrating the differential d (uv) = udv + odu there results uv = fudot foods, and 
the following formula is obtained ; f vdu=uv f udv, known as integrating by parts. This 
rule is always applicable if the integral f vdu is unknown, and integral f udv is known. 





763. 
B 





Every intogral of the form f ydx = f f(z) da may be put equal to the area of a surfaco 8, con- 


sequently if the integration cannot be effected by known rules, it can be arrived at with sufficient 
approximation for practical purposes by well-known geometrical devices. Indeed, the integration of 
areas, although an operation uently involving intense thought to the mathematician, 18 per- 
formed by the practical man geometrically without the Icast reference to the calculus, a sufficient 
reason for the preference generally shown to geometrical over analytical investigations in the 
calculus. 

In order to find the area of a surface, Fig. 763, having a base M N = z, and divided by an unoven 
number of ordinates yo, ¥1, ¥3.».-- Ys Into an even number of strips, we have Simpson’s rule. 
The formula for the area of a surface divided in n strips is 


S= [yt yet Ai tyete- tyent) +2 Yet tee tye) & 


and the mean height is 
y Metre t tGitrst ot yenr) + 2G tut. +H-8) 
i Bn 
in which n must be an even number. 
This formula can be used for the determination of an integral ih yaa =|" ¢ (x) d2,ifa= 
l, — ? be divided into an even (n) number of parts. The ordinates 
2 8 

H=eOin=o('+=)in=e(+—)in=o(it— 

are to be calculated up to y, = > (x), and these values substituted in the formula 


+ P f. 
t= xnjdz= 
oe , ?@) 
L=l 
a 


Ceti ttQityt..-ty-1) + 2G: t+... +o-s)) 5 


The rectification of a curve, or the deduction, from its equation y = f 2) between the co- 


ordinates A M = z and MP = y, Fig. 752, of an equation between the are = sand one of the 
coordinates, is®performed by determining the differential of the arc AP of the curye, and then 
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taking its integral. By Pythagoras’ theorem ds* = dx* + dy*andd's = ,/da* + dy*, henoe the 
are of the curve itself is a= f,/dz? + dy. 

'The perpendicular to the tangent P T, Fig. 764, is normal also to the curve at the tangent point, 
because the tangent gives the tion of the curve at this point. That of the line PO 
between the tangent point and the abscissa-axis is termed the normal, and the projection M O of 
this line on the abscissa-axis the sub-normal. Because the angles M P O and P t M are identical, 
MO =MP. tan. a,and the sub-normal y tan, a = LSL : 

If to a point Q infinitely near the point P another normal QO be drawn, these lines intersect 
in the centre O of a circle, which is termed the circle of curvature, and these normals, that is those 
peer of them between the circle and the centre, are termed the radii of curvature. The circle 

teelf is termed the ogculatory circle. 

Denoting the radius CP = CQ by the letter r, the arc AP of the curve by s, and the 
tangential engle P T M by a, aince PQ = CP x arc of angle PCQ, ds = — rda, and the radius 
of curvature, consequently r= — — ; 





BY. endas 


a can be determined from the equation of the coordinates by putting tan. a = - 


a x3 

det %% tan. a; and 

= ds = ds* 
cos27axdtana  ds?xdtana 


@ tan. a = 





d 
—) and 00g, a = =~, da = 008"a x d tan. a = 


r= 

When the curve is convex, 
ds ds® 

Ta Tao" * de tdiana’ 


whilst for a point of inflexion r = o. 
Tho coordinates AO = u and OC = » of the centre of curvature are given by 


u=AM+HO=24+C0Pain. CPH or x +rain,a, 


and 


=O0=MP-HP=y- OPoos. OP H or y — r cos. a. 


785. 





uv T a xo” Oo % Mo My My ON, My 


The line or curve formed by these centres of curvature is termed the evolute of the curve A P. 
If in a surface M, M, P, P,, Fig. 765, thore are given the four coordinates M, P, = y, to 
M, P,; = yp all equidistant from one another, the surface may be calculated in a very simple 
manner, 
Denoting the base by x, or M,, three equidistant ordinates 2, x, z, are to bo interpolated 
between y, and y;. The surface 5 then 
HGntitita tiv) Ss but tats nes 


and 


8 
S=(y+3(y, + ¥2) + 94) “F-and yn = TE tae Fos, 


This formula can be employed when the surface is divided into an uneven number of strips, 


tho foregoing formula for y,, applying to an even number. So that ify,= 9); 1 =¢ ot; 
Ys? C+?) and y, = ¢(/,) are four known or given values of y = > (2), 


i q i aml 
fives - {7 ¢ (x) d x approximately = [y, + 3(y, +¥)+n]+5-. 


The following table represents a number of integrals with their ultimate formdis, and will be 
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fotmd-of the utmost usd in reducing integrals which may be arrived at in practice, or in suggesting 
methods of reduction ;-—— 















Integral. 





Differential to be Integrated. 





ada dz __ log. (a + 62) 
a+6z atbs b 
(a + bx) (a+ bay (Nn—)b(a+bzy-! 
ax oe — yM@te-idy 
a (a + ba) aS Orage 
ae fettye ton Ja + 2 r/b 
(a + 62*)" a=—bxt ~ ooh S Ii eh 
gee et nz lotveg ett ay 
a (a+ baty = ye OF ay 
am d x f dx Q/a+ba 
Jatoba Jatoba b 
_ yal 
ese ae —_ & = . gives ~ yey 
a™ Ja + ba? y Jay +6 
ee ees ee ee ee 2b So Ee ol 
wm Jaatbaydx Jarabe dea GttoVvartoat a de 
46 8b Vaz +b 2% 





The multiplication of more intricate forma is useless, since it is far preferable to determine such 

eo genoa ges to hee pad a - a pire or clerical error. 
ufficient has been said upon this subject to enable those requiring further inform 
to the works of eng ee Boule, ye De aoa her ' 7 g ation to refer 

Various machines have n from time to time devised, for the purpose of ascertainin 

See to _ Ly cannot sven ae et bf mane labour. pi 
© most im nt of these apparatus is that devise m. Thomson, of Glasgo i 
and described in the Proceedings TF the Royal Socicty, 1876. meet Serene; 

The kinematic principle for integrating yd, which is used in the instruments known as 
Morin’s dynamometer and Sang’s planimeter, involves one element of imperfection. This 
imperfection consists in the sliding action, which the edge whoel or roller is required to take 
in conjunction with its rolling action, which alone is desirable for exact communication of motion 
from the disc or cone to the edge roller. Amsler’s polar plunimeter, although different in its 
main features of principle, and mode of action, from the instruments just referred to, ranks with 
them in involving the like imperfection, or requiring to have a sidewise sliding action of its edge 
rolling wheel, besides the desirable rolling action on the surface, which imparts to it its revolving 
motion, a surface which in this case is not a disc or cone, but is the surface of the aper, or any 
other plane face, on which the map or other plane diagram to be evaluated in area is Aned 

Clerk Maxwell succeeded in devising a new form of planimeter, or integrating machine, with a 
kinematic action depending on the mutual rolling of two equal spheres, each on the other, and also 
offered a suggestion, proposing the attainment of the desired conditions of action by the mutual 
rolling of a cone and cylinder with their axes at right angles, ; 

The idea of using pure rolling, instead of combined rolling and slip ing, was extended by 
Thomson, who succeeded in devising a new kinematic method, capable of being introduced und 
combined in several ways to produce important results. 

The new principle consists primarily in the transmission of motion from a disc or conc 
Figs. 766 and 767, to a cylinder, by the intervention of @ lvose ball, which presses by its gravity 
on the dixc and cylinder, or on the cone and cylinder, 
ag the case may be, the pressure being sufficient to give 766. 
the necessary frictional oobieruses at each point of rolling 
contact; and the axis of the disc or cone and that of the 
cylinder, being both held fixed in position by bearings 
in stationary framework, and the arrangement of these 
axes being such, that when the disc or the cone and the 
cylinder are kept steady, or without rotation on their 
axes, the ball can roll along them in contact with both, so 
that the point of rolling contact between the ball and the cylinder, shall traverse a straight line 
on the cylindric surface, parallel, necessarily, to the axis of the cylinder; and so that, in the case of 
a disc being used, the point of rolling contact of the ball with the disc, shall traverse a straight 
line aselug ttrougt the centre of the disc, or that in case of a cone being used, the line of rolling 
contact of the ball on the cone shall traverse a straight line on the conical surface, directed neces- 
sarily towards the vertex of the cone. It will thus readily be seen that, whether the cylinder 
and the disc or cone be at rest, or revolving on their axes, the two lines of rolling contact of the 
ball, one on the cylindric surface and the other on the disc or cone, when both are considered as 
lines traced oyt in space fixed relatively to the framing of the whole instrument, will be two 
parallel straight lines, and that the line of motion of the ball’s centre will be straight and parallel 
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to them. For facilitating explanations, the motion of the centre of the ball along ite path parallel ‘ 
to the axis of the cylinder, may be called the ball’s longitudinal motion. 

For the integration of y dz, the distance of the point of contact of the ball with the disc or 
cone, from the centre of the disc or vertex of the cone in the ball’s longitudinal motion, is to represent 
y, while the space turned by the disc or cone from any initial position represents 2 ; and 
then the an turned by the cylinder will, when multiplied by a suitable constant 
numerical coefficient, express the integral in terms of an ig haa unit for its evaluation. 

The longitudinal motion may be imparted to the ball, y having the framing of the whole 
instrument so placed that, the lines of longitudinal motion of the two points of contact and of the 
ball’s contre, which are three perelent lines mutually el, shall be inclined to the horizontal, 
sufficiently to make the ball tend decidedly to descend along the line of its longitudinal motion, 
and then regulating its motion by an abutting controller, w may have at its point of contact, 
where it presses on the ball, a plane face perpendicular to the line of the ball’s motion. Otherwise 
the longitudinal motion vie de for some cases, preferably be imparted to the ball by having the 
direction of that motion horizontal, and having two controlling flat faces acting in close contact, 
without tightness, at opposite extremities of the ball’s diameter, which at any moment is in the line 
of the ball’s motion, or is parallel to the axis of the cylinder. 

It is worthy of notice that, in the case of the disc, ball, and cylinder integrator, no theoretical 
nor pea jar practical fault in the action of the instrument would be involved in any deficiency 
of perfect exactitude, in the practical accomplishment of the desired condition, that the lime of 
motion of the ball’s point of contact with the diso should through the centre of the disc. 

The plane of the disc may suitably be placed inclined to the horizontal at some such angle as 
45°, An additional operation, important for some purposes, is effected as suggested by W. Thomson, 
by arranging that the machine shall give a continuous record of the growth of the integral, b 
introducing additional mechanisms suitable for continually describing a curve such that, for ale | 
point of it, the abscissa shall ee the value of x, and the ordinate shall represent the integral 
attained from 2 = 0 forward to that value of «. This is effected in practice by having a cylinder 
axised on the axis of the disc, a roll of paper covering this cylinders surface, and a straight bar 
situated parallel to this cylinder’s axis, and resting with enough of pressure on the surface of the 
primary Sedo or the indicating cylinder, which is actuated by its contact with the ball to 
make it have sufficient frictional coherence with that surface, and having this bar made to carry a 
pencil, or other tracing point, marking the desired curve on the secon registering or the recording 
cylinder. As from the nature of the apparatus, the axis of the disc and of the secondary registenng 
or the recording cylinder, ought to be steeply inclined to the horizontal, and as, therefore, this bar, 
carrying the pencil, has the line of its length and of its motion alike steoply inclined with that axis, 
it is advisable to have a thread attached to the bar and extending off in the line of the bar to a 
pulley, re over the pulley, and having suspended at its other end a weight which will be just 
sufficient to counteract the tendency of the rod, in virtue of gravity, to glide down along the line of 
its own slope, 80 as to leave it perfectly free to be moved up or down, by tho frictional coherence 
between itself and the moving surface of the indicating cylinder, worked directly by the ball. 


To calculate f ¢(#) W(x) dz, the rotating disc is to be displaced from a zero or initial position, 
through an angle equal to u : ¢ (x)d a, while the rolling globe is moved so as always to be at a 
distance from its zoro position equal to y (x). This being done, the cylinder obviously turns through 
an angle cqual to f ; ¢ (x) ¥(x) dz, and thus solves the problem. 

Ono way of giving the required motions to the rotating dieo and rolling globe is as follows ;— 

On two pieces of paper draw the curves y = f $(x)da, andy=y(zx). Attach these pieces of 
paper to the circumference of two circular cylinders, or to different parts of the circumference of one 
) finder, with the axis of # in each in the direc tion perpendicular to the axis of the cylinder. Let 

e two cylinders be geared together, so that their circumference shall move with equal velocities. 
Attached to the framework let there be, close to the circumference of each cylinder, a slide or guide- 
rod toguide a movable point, moved by the hand of an operator, so as always to touch the curve on 
the surface of the cylinder, while the two cylinders are moved round. 

Two operators will be required, as one operator could not move the two points so as to fulfil this 
condition, unless the motion were very slow. One of these points, by proper mechanism, gives an 
angular motion to the rotating dizo equal to its own linear motion, the other gives a linear motion 
equal to its own to the centre of the rolling globe. 

The machine thus described is immediately applicable to calculate the values H,, H;, H,, ete. 
of the harmonic constituents of a function p («) in the pererei ation of Fourier’s simple nio 
analysis, in the conduction of heat in the aphere and cylinder. Thus if 

¥(e) = H, ¢, (2) + Ho, (2) + F_ | + et 
be the ex on for an arbitrary function ¥2, in terms of the generalized harmonio functions 
; (2) &s ()s Os (a), otc., these functions being such that 


Sea @er@de =O, f' .@)o.@)a2=0, f) $. (2) o4(2) = 0, eto, 
_fa@rw@ds 
~ Sie @yas 

Sie @v¥@de 
Ste (eyae 
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In the physical applications of this theory, the integrals which constitute the denominators of 
the formuls for H,, H,, etc, are always to be evaluated in finite terms, by an extension of Fourer’s 


formula for f* x u,3d2 of ls problem of the cylinder, The mtcgrals m the numerators are 


calculated with great ease by aid of the machine worked in the manner desenbed above 
The great practical use of this machine 1s to perform the simple harmonic Founcr-analysis for 
tadal, meteorological, and perhaps even astronomical observations It 1s the case in which 


o(2) = =" (na), 


and the integration 1s performed through a range equal to oe ¢ any integor, that gives this 
apphcation. In this case the addition of a simple crank mechanism, to give a simplo harmonic 
angular motion to the rotating disc in the proper pc riod “=, when the cylinder bearing the curve 


y = (x) moves uniformly, supersedcs the necossity for a cylinder with the curvo y = ¢ (1) tracod 
on it, and an operator keeping a point always on this curve in the manner dcscibed above 

The accuracy of the apparatus will depend esscntially on the accuracy of tho cncular cylinder, 
of the globe, and of the plane of the rotating disc used in it For cach of the three surfuers a 
much less elaborate application of the method of scraping than that by which Wlutworth has given 
a true pane with such marvellous accuracy, sufficcs for the practical requiremcnts of the instrument 
now propo 

Every linear differential equation of the socond odor may bo reduced to the form 


d sl du 
dxc\Pd *) a @) 

where P 1s any given function of x 

On account of the great importance of this equation in mathematical physics mm Cstimating tho 
vibrations of a non unitorm stietched cord, of a hanging chain, of water in a canal of non uniform 
breadth and depth, of air in a pipe of non-uniforin sectional arca, conduction of heat along a bar of 
non-uniform section or non uniform conductivity, or Laplace 8 diftcrcntial e yuation of the tidca, its 
practical solution without labour has long been sought 

Methods of calculation such as those usd by Laplace aro very labouous, too labonous unless a 
serious object 1s to be attained by calculating out results with minute accuracy ‘Lis 1s done with 
the integrator, for if 


u,=J PC—JSiudr ds, 


u=J-PC— Sindy) dz, 
ctc, 


(2) 


where w, 18 any function of 2, to bezin with, as for oxamplo u, = 7 then t,, v,, otc, arc sncecaDIVO 
Approximations converging to that one of the sulutions of (1) which vanishes when 2-0 Let the 


integrator be applicd to find C — f “tt, dr, and let its result focd, ax it wore, continuously a 


second machine, which shall find the intezru of the product of its result P Zr The sceond machine 
will give out continuously the valuc of u, Use again the sainc proccss with a, metcad of a, and 
then u,, and so on 

Atter thus altering as it were, uv, into ~, by passing it through the machine, then 1, into? , by 
a second passage through the machine, and so on, the thing will as it wore beccme refined into a 
solution which will be more and more nearly mgorously correct the oftener we pass it through the 
machino = If u, 4. , does not sensibly differ fiom «then cach is sensibly a solution 

Compel agrec ment between the function fed into the double machine, and that given out by at 
This 18 to be done by cstablishing a connection which shall cause the motion of the centre of the 
globe of the first inte zrator of the double machine, to be the samo as that of the surtace of 
the second intcgrator s cylinder ‘The motion of each will thus be necessarily @ elution cf (1) 

Take two integrators, and conncct the fork which guides the motion of the globe of each of the 
integrators, by proper mechanical mcans, with the circumference of the other integrator’s cylinder 
Then move one integrator’s disc through an angle = «, and simultancously move tho other 


integratoi’s disc through an angle always = f WPae, agiven function of ©, The circamforcneo 
of the st cond integrator’s cylinder, and the centre of the first integrator 8 glube, move cach of them 
through a space which satisfies the differentia] cquation (1) 

To prove thus, let at any time ),, g, be the displacements of the centres of the two globes from 
the axial lines of the discs, and Ict dr, Pdr be infinitesimal angles turned through by the two 
discs. The infinitesimal motions produced in the circumtcrence of two cylinders will be 


g,dxandg, Pde 


But the connections pull the second and first globes through spaces, tively oqual to those 
moved through by the circumferences of the first and second cylinders. Hence 


d fl dgqy _ 
dz Paz) =u 
which shows that g, put for u satasfica the differential equation (1) 
® 


and eliminating 7,, 
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The machine gives the complete integral of the equation with its two arbitrary constants. For, 
for any particular value of z, give arbitrary values G,,G,. That is to say mechanically ; dis- 
connect the forks from the cylinders, shift the forks till the globes’ contres are at distances G,, G, 
from the axial lines, then connect, and move the machine. For this value of 2, 


d 
I: = G,, and —2! = GP; 


that is, arbitrary values for g, and 491 are secured by the arbitrariness of the two initial positions 


da 
G,, G, of the globes. 

The instrument can also be applied to the mechanical integration of the general linear 
differentia] equation of any order witt: variable cvefficients, by taking any number + of integrators, 
and making an integrating chain of them. 

Until it is desired actually to construct a machine for thus integrating differential equations of 
the third or any higher order, it is not nicessary to go into details as to plans for mechanical 
fulfilment of condition (7); it is enough to know that it can be fulfilled by pure mechanism, 
working continuously in connection with the rotating discs of the train ot integrators. 

But tho integrator may be applied to integrate any differcntial equation of any order. Let 
there be i simple integrators; let z,, g,, «, be the displacements of disc, globe, and cylinder of the 
first, and so on for the others. Then 


aor as = 7, ete, 
1 2 


and by proper mechanism establish such relations betweon 
Lis Iyy yy Tz Ja, Cte., that f™ (2,, 9, Hy) Uqy - - -) = O, ete. 


Thus 2’~—1 simultaneous equations are solved. 

Ly constructing in stecl, us a cam, the surface whose equation is z = & f (¢* + 7”), and repetitions 
of it, for practical convenience, we have a complete mechanical integration of ,the problem of 
finding the free motions of any number of mutually influencing particles, one of the most difficult 
mathematical probloms. 

CANALS. 

In treating of their construction, canals may be classified in three divisions. 

Level cunals, or ditch canals, consisting of one reach or pond, which is at tho same level 
throughout. ‘Tho most economical course is one which nearly follows a contour line, except where 
opportunities occur of crossing a 1idge or a valley to avoid a long circuit. 

Lateral canaly, which connect two pluces in the same valley, and in which there is no summit 
level, the fall taking place in one direction only. A lateral canal is divided into a series of level 
reaches or ponds, connected by sudden changes of level, at which there ure locks, The hft of a 
single lock ranges from 2 ft. to 12 ft., and is most commonly 8 m 9 ft. ach level reach is laid out 
on the sume principles with a lovel cannl In fixing the lengths of the reaches and the positions 
of the locks, economy of water 1s promoted by distributing a given fall amongst single locks with 
reaches between them, rather than concentrating the whole fall at one flight of locks. 

Canals with summits have to be laid out with a view to economy of works ut the passes between 
one valley and another, and with a view also to the obtaining of sufficient supplics of water at the 
summit reaches, 

An open tiver is ono in which the water is left to take a continuous declivity, uninterrupted by 
weirs. The towing path required, if horse-haulage is to be employed, is similar to that of a canal. 
The effect of tho current of the stream on the load which one horse is able to draw against it ata walk, 

: : ; 3°6 \3 
may be roughly estimated as load drawn aguivet current = load drawn in still water x ( Fépo0 ; 
v being tho velocity of the current in feet a socond. 

A cnnalized river is one in which a series of ponds or reaches, with a greater depth of water 
and a slower cuirent than the river in its natural state, have been produced by means of weirs. 
Each weir ona navigable river requires to be traversed by a lock for the passage of vesnels, the 
most convenient place tor which is usually near one end of the werr, neat the towing-path bank. 
River ape ee from canal locks in having no lift-wall, so that the head-gates and tail-gates are 
of equal height. 

Ithough short portions of a canal may be wide enough for the passage of one boat only, the 
general width ought to be sufficiont to allow two boats to pass each other easily. The de pth of 
water, and sectional area of waterway, should be such as not to cause any material increase of the 
resistanco to the motion of the bout, beyond what it would cncounter in open water. The following 
are the general rules which fulfil these conditions ;— 

The least breadth at bottom to be twice the greatest breadth of a boat, the least depth of water 
to be one aud a half time the greatest drauglit of a boat, the least area of waterway to be six times 
tho greatest midship section of a boat. The bottom of the waterway is flat. The sides, when of 
earth, should not be steeper than 1} to 1; when of masonry, they may be vertical ; but in the case 
of vertical sides, about 2 ft. additional width at the bottom must be given to enable boats to clear 
each other, and if the length traversed between vertical sides is great, as much more additional 
width as may be necessary in order to give sufficient sectional area. 

The dimensions of canal boats have been fixed with a view to horse-haulage. The most 
economical use of horse-power on a canal is to draw heavy boats at low speeds. The heaviest boat 
that one horse oan draw ata speed of from 2 to 2§ miles an hour, weighs, with jts cargo, about 
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105 tona, is about 70 ft. long and 12 ft. broad, and draws about 4} ft. of water when fully loaded. 
Smaller boats which a horse can draw at 3} or 4 miles an hour, are of about the same length, 6 or 


7 ft. broad, and draw about 24 ft. of water. 
The following are examples of the extreme and ordinary dimensions of canals, as given by 


ine :— 


Breadth at Breadth at Depth of 





Bottom. Top Water. ater, 
ft ft. ft. 
Smalleanal .. .. .. 12 24 4 
Ordinary canal a 25 40 5 
Targecunal .. ww www 50 110 20 


The width of the embankment which carrics the towing path is usually about 12 ft. at the 
top; that of the opposite embankment at loast 4 ft ,and sometimes 6 ft. Hach embankment should 
havo a vertical puddle wall in its centre from 2 to 3 ft. thick. 

The surface of the towing path 1s usually about 2 ft. nbove the water level. It is made to slopo 
slightly in a dircetion away from the canal, in ordcr to give a better foothold for the horses, as they 
draw in an oblique direction. The slopes may be pitched with dry stone from 6 to 9 in. thick. 

Leaks m canals may sometimes be stopped by shaking loose sand, clay, hme, or chaff into the 
water. Theo particles wre carried into the leaks, which they eventually choke by accumulation. 

To gave timo and water expended in shitting boats from one level to another by means of locks, 
inclined plunes aro used on sume canals, The general arrangement 18 that the upper and lower 
reach of tho canal, at the places which are to be connected by inclined planes, are deepened suffi- 
ciently to admit of the introduction of water-tight iron curssous, or movable tanks, under the bouts. 
Two parallel] lines of rails start from the bottom of the lower reach, ascend an inclined plane up to 
a summit a little above the water level of the upper reach, and thon desecnd down a short inclined 
plane to the bottom of the upper reach. There are two cauirsous, or movable tanks on wheels, 
each holding water cnough to flout a bout. One of these camsons runs on each line of rails; and 
they are so connected, by means of # cham, or of a wire rope, rumaing on movable pulleys, that 
when one descends the other ascends, These cainsons balance cach other at all times when both 
are on the long incline, because the boats, hght or heavy, which they contain, displace oxactly 
their own weight of water. There is a short period when both caissons are in the act of comme 
out of the water, one at the upper and one at the lower reach, when tho balance 1s not muntamed ; 
and in order to supply the power requircd at that time, and to overcome friction, a steam engine 
drives the maim pulley, as in the case of fixed engine planes on railways 

Boats may be haukd up on whecled cradls without using crissons; but this requires a greater 
expenditure of power. Grahame has proposed a method which would cnable a fixed engine to be 
dispensed with where steambouts are used. It consists in providing cach steamer with a windlass, 
driven by its engine, and the inclincd plane simply with @ rope, whose upper end 1s made fast while 
its lower end is loose. The bout is floated on to the cradle at the bottom of the plane; the loose 
end of the rope 1s laid hold of and attached to the windlass, wluch, boing driven by the engine, 
causes the buat to haul itself up the inclined plane, 

Canals are supplied with water from gathering-grounds, springs, rivera, and wells, by tho aid of 
reservoirs and conduits ; and their supply involves the questions of ruimfull, demand, compensation, 
already treated of im this Dictionary. 

The amount of water required may be estimated to include— 

Waste of water by liakage of the channel, repairs, and cvaporation a day = arca of surface of 
the canal x 4 ofa foot nearly. Current trom the highcr towards the lower reaches, produced by 
leakage at the lock gates, u day, from 10,000 tv 20,000 cubic ft. in ordimary cases, Lockage, or 
expenditure of water in passing boats from one level to another, 

Let L denote a lochful ef water; that 1s, the volume contained in the lock chamber, between 
the upper and lower water-levils. B, the volume displaced by a boat. Then the quantitics of 
water dischurged from the upper pond, at a luck or a flight of locks, under various circumstances, 
are shown in the following tables. The sign prefixed to w quantity of watcr denotes that 1t 18 dis- 
placed from the lock into the upper reach. 








Single Lock. | Lock Found. | Water Discharged. | Lock Left. 
Gacboctdemeenaiog. a2 co apis oe ox L-B Ve 
, oo ew ~B pempty. 

Two n boats descending | Descending full \ aL ee ania empty. 

ascending alternately .. ..f Asceuding empty Ascending full, 
One boat ascending... .. .. | Emptyorfull .. L+B | Full. 
Train of n boats descending .. | Empty .. .. .. nL—nB Emnt 

‘ ‘ wu 7. ce (n—1)L—nB [pVmPly: 

Train of n boats ascenling .. | Empty or full .. nL+nB Full. 
Two trains, each of n boa 

the first descending, the 'Fah ow. (2n—1)L Full. 

second ascending ey ee | 


i aa * v 
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Flight of m Locks. Locks Found. Water Discharged. Locks Left. 

One boat descending oe ee Em t ee oe es L = B 
O boat nd es ot Full oe ee ee@ L- a \Bmpty. 

ne ascending .. .. « mpty ..  ..  e mL + 

: Be an. ced aie cs eyo L+B jou. . 

Two n boats ascending and) Descending full .. eat, veces empty, 

descending alternate! J; Ascending empty f, Ascending full. 
Train of n boats descending .. Hmpty are nL-—nB Empt 
Tit ohateinustia ol mee 2 Cera ls eR 

rain of n sascending .. m oo oe ee ((MHN—IL +N 

Ful” ae ee : nL+nB Full. 


Two trains, "each of 1 boats, 
the first desconding, the}| Full .. .. .. (m+2n—2)L | Full. 
second ascending .. .. e. 





From these calculations Rankine has deduced that single locks aro more favourable to economy 
of water than flights of locks ; that at a single lock, single boats ascending and descending alter- 
nately cause less expenditure of water than equal numbers of boats in trains; and that, on the 
other hand, at a flight of locks, boats in trains cause less expenditure of water than equal numbers 
of boats ascending and descending alternately. For this reason, when a long flight of locks is 
unavoidable, it is usual to make it doublo; that is, to have two similar flights side by sido, using 
one exclusively for ascending boats and the other exclusively for descending boats. 

Water may bo saved at flights of locks by the aid of side ponds, or luteral reservoirs. The use 
of a side pond is to keop for future use a certain portion of the water discharged from a lock, when 
the locks below it in the flight are full, which wator would otherwise be wholly discharged into the 
lower roach. If a be the horizontal area of w lock chamber, A that of its side pond, then the volume 
of water so saved is LA +- (A + a). 

It has been pointed out m this Dictionary that a canal cannot be | elated worked without a 
supply of water calculated to last over the driest season of the year, and in that respect demands 
great care in investigating the sources of the supply. If no natural lako is available for supply, 
artificinl reservoirs must be constructed, commanding a sufficient area of drainage to supply the loss 
by leakage, evaporation, and lockage duc to the length of the canal, and probable amount of traffic. 
It is also necessary to consider whether the subsoil] of the valley forming the reservoirs, is throughout 
of av retentivo a character as to provent leakage. Discharge of floods must be provided for by means 
of waste weirs. Aga rule the up traffic consumes a greater quantity of water than the down traffic, 
becauso an asconding boat, when entering a lock, displaces a volume of water equal to its submerged 
contents, and tho water displaced, by flowing into the lower reach of the canal, is lost. The lower gates 
boing then closed, tho boat is raised, and on passing into the higher reach of the canal, the amount 
of water displaced on ontering is supplied again from the water of the highcr reach. A descending 
boat when entering a lock also displaces adue quantity of water, but this water flows back into the 
highor reach of the canal, and 1s there retaincd whon the gates are closed. Fulton states that 
25-ton boats passing through a lock of & ft. lift consume about 163 tons of water in the ascent, 
and about 1038 in the descent. 

For barge canala, the sectional arca generally adopted is from 24 to 40 ft. in width and 4 to 5 ft. 
depth. When the soil is sufficiently rotentive of water the construction takes the form Fig. 768. 
But with porous soils the bottom and sides must be puddied, Fig. 769, 
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In the construction of a canal, gradients, of course, cannot be introduced as upon a road, and the 
course must follow rigidly the bases of hills and the windings of valleys to preserve a uniform level. 
It is im t to lay out the work in long reaches, and to overcome elevutions by accumulated 
groups of locks in tho most advantageous situations; because this plan saves labour in working the 
canal, and causes fewer stoppages to the traffic. But to prevent waste of water the locks must be 
placed sufficiently far apart, at about 100 yards, or the intervening part of the canal must have ita 
water capacity increased, so that a descending boat will not let off more water than the area 
be can receive, without having its level raised a0 as to lose the surplus water over the waste 
we 


- CANALS. 298 


The subject of locks and water-lifts will be found discussed under ita proper heading in this 
Dictionary, and in subsequent of this Supplement. 

An essential adjunct to a canal is a sufficient number of waste weirs to discharge flood water 
which might overflow the towing path. Whenever the canal crosses a stream, a waste weir should 
be formed in the aqueduct. Waste weirs are placed at the top water level of the canal. 

Stup-gates, for the purpose of dividing the canal into isolated reaches, are placed at intervals of 
a few miles, so that in the event of a breach, these gates may be shut. In larger, or ship canals, 
these stop-gates are constructed like lock-gates, two pairs of gates being shut in opposite directions, 
In smaller canals they are constructed of stout planks, slipped into grooves formed at those narrow 
pe of the canal which occur under road-bridges, or at other contractions. Automatic stop-gates 

ve not met with success. 

To admit of repairs after the stop-gates have been closed, the water is drained off through a series 
of exits, termed offleta, which are pipes placed at the level of the bottum of the canul and fitted 
with valves. Offlets are generally introduced at aqueducts or bridges crossing rivers, where tho 
contents of the canal can be run off into the bed of the stream, when the stop-gates on both sides are 
closed, to isolate that part of the canal from which the wator is withdrawn. 

Provision must be made for the propor drainage of the tow-path. The tow-path should be higher 
at tho side next the canal, and slope with gentle inclination towards tho outside. ‘Tho druinage 
velar 7. effected through a sky drain, and at intervals passed benouth tho tow-puth into tho canal, 

‘ig. 770. 





The protection of the banks at the water line must also reveive attention. Both pitching with 
stune and fueing with brushwood are employed, the latter forming an economical as woll as efficient 
protection, if well executed. 

Scott Russell has found in trials of propelling bonts at high specds, that the primary wave of 
displacement produced by the motion of a boat, moves with a velocity due to the depth of water 
in the canal, being the velocity that is due to gravity, acting throngh a height equal to the 
depth of the centro of gravity of the cross section of the channel below the surface of the fluid, 
This velocity is independent of the form and velocity of the body generating it, and of the width of 
the canal. A boat raised by a sudden effort to the top of a primary wave can bo drawn at 
10 miles an hour, with less fatigue to the horses than if drawn at the rate of 6 miles, and the 
waste is less on the bunks of the canal. 

A great objection to high speeds in narrow channels is the wasting of the banks by the displace- 
ment of water. At moderate speeds the washing is found to extend to not moro than 1 ft. 6 in. to 
2 oe is, to 1 ft. above and below the wuter line. A facing of stone or brushwood is an effectual 
remedy. 

The employment of steam as a towing power has been found in every way advantageous. Thore is 
less rubbing of the vessels against the banks, the power being in the line of pull, and not at an angle, 
as with horse-traction. The wear and tear of ropes is much reduced, apeed is increased, and weather 
affords no obstacle on the truck, as with horses. When a strong wind is blowing athwart the cunal, 
the boats must be tuken siugly or two at a time; they cannot then be drawn in train. When bonts 
are drawn iu train, it is usual to place the heaviest first. A distance of 40 to 50 ft. is the must that 
can be allowed between two boats, without losing the hold between them that prevents them from 
shecring from side to side. Although the back wash of the water is more prejudicial to the banks of tho 
canal, its injurious action can be prevented to a great extent by proper fucing ; and one of the advan- 
tages offered by the use of tugs is the cleansing of the slopes of the canal from the deposit of mud, 
which accumulates at the bottom, and can be easily removed thence by the dredger. On a ship 
canal, sometimes as many as thirteen loaded vesscls of 50 to 100 tons Suge have becn towed by ono 
tug at the rate of 3 to 3) miles an hour. The heaviest recorded load drawn by one tug has beon 
1690 tone in three vessels, at 2 miles un hour. The speed ia usually restricted with smaller vessels 
to 4 miles an hour. The cust of towage may be much diminished, and the specd of the beat 
increased, so as to add considerably to the transport cupacity of the canal, by employing the system 
of cable towage used in Belgium. A wire rope is Jaid down along the bottom of the canal, the 
whole “yi of the course, and is attached at both ends. Tow-boata or tugs, cach of which draws 
a fleet of boats, are provided with engines for giving motion to the clip pulley; any slipping of the 
cable is thus prevented, the tightness of the clutch of the pulley being automatically regulated b 
the amount of the load. In working the system, the cable is raised from the bed of the canal, 

laced in the groove of a drum, provided with suitable sata and tightening pulleys, on the 
Hock of the tug near the bow; tho engine being sturted, pus iteolf along, and with it the tug and 
acoumpanying ficet of boats, by means of the cable, which it druws up at the bow, and delivers out 
at the sicrn oféhe veveel. 

A. Cuuningham, as the result of a long serics of experiments conducted for the Indian Govern 
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ment, on the Ganges Canal, close to Roorkee, gives the following. The experiments were confined to 
channels having trapezoidal sections, with stepped masonry sides, 2 miles long, 150 ft. width of bed, 
and two rectangular twin channels, in masonry, 932 ft. long, each 85 ft. wide. In all practical treatises 
rexults are based on the hypothesis that the motion of water is steady, but these experiments prove 
that this hypothesis is not even a poe) true, and that there are changes in the velocity of the 
water from iustant to instant. e mean surface-velocity curve was found to be represented by the 


equation = + ¥ == 1, where 6 = half the breadth of the channel, y = abscissa of any point on b 
u 


measured from centre, &, = central mean velocity = max. ordinate, « = mean velocity at any point 
whose abscissa is ae ordinate of mean curve, The arc of this curve, known as a quartic ellipse, 
wate arn the channel, represents the surface discharge = 0°927 x mean central velocity x width 
of channel. 

As to the discharge of canals, A. Cunningham bases the following table of coefficients, for small 
canals, upon the experiments of Darcy and Bazin; where r = hydraulic mean depth in feet; 8 = 
fall of water surface in any distance divided by that distance ; », = maximum surface velocity in 
feet a second; V = mean velocity in feet a second. 


Tapte A.—VALvEs or C, ror Use m Forwota V = Ca/r SB. 





Values of C, 


cements or cerenares ens ae RD tt ore rt 


Hydraulic Mean Bed and Sides 
Depth in Feet. | Bed and Sides | Bed and Sides | “" Ribbie | Bed and Sides 
Earth. 





of Cut Stone 














of Fine Plaster. or Brickwork, 7 aie of E 

5 185 110 72 36 
“75 139 116 81 42 
1:0 141 118 87 48 
1°5° 143 122 94 56 
2°0 144 124 98 62 
2°5 145 126 101 67 
3:0 145 126 104 70 
3°5 146 127 105 73 
4°0 146 128 106 76 
4°5 146 128 107 78 
5:0 146 128 108 80 
5°5 146 129 109 82 
6°0 147 129 110 84 
6°5 147 129 110 5 
7:0 147 129 110 86 
7'5 147 129 111 87 
8:0 147 130 111 88 
8°5 147 130 112 89 
9:0 147 130 112 90 
9°5 147 130 112 90 
10:0 147 130 112 91 
11°0 117 130 113 92 
12°0 147 130 118 93 
13°0 147 130 113 94 
14°0 147 180 113 95 
15°0 147 130 ll+ 96 
16°0 147 180 114 97 
17°0 147 130 lit 97 
18°0 147 130 114 98 
19:0 147 130 1l4 98 
20°0 147 131 114 98 





1 


S emaaeadl 


1 
Bed and sides of cut stone or brickwork . C=, /—---- a 
-000018 (4-354 + =): 


Bed and sides of rubble or boulder masonry .. C = ey aa 
-00006 (a 219 + =) : 


. —_+__< 
Bod and sides ofearth =... «. an et mre 


CARPENTRY. 295 


TasLe B.—Va.ves oF c, ron Uss in THE Formuta V = c 0. 
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Valuce of ec. 
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Hydraulic Mean | Bed and Sides 
Depth in Feet. | Bed and Sidos | Bed and Sides | Rubble | Bed and Sides 


5 y of Cut Stone 4 
of Fine Plaster. or Brickwork, | ° Boulder ot Earth. 





Mavunry,. 

“5 84 81 74 “58 
15 St “82 16 63 
1:0 85 82 77 65 
15 85 82 78 69 
2°0 85 83 79 71 
2°5 85 “83 79 72 
3:0 85 83 80 73 
385 85 83 80 74 
4:0 85 +83 S1 75 
5:0 85 83 81 ‘76 
6°0 85 “4 ‘$1 77 
7:0 85 84 ‘81 78 
8:0 85 “84 81 78 
9:0 85 84 | “RO 78 
10°0 85 84 “82 78 
11°0 “85 “84 | 82 78 
12°0 85 "RL 22 “79 
13°0 85 ‘RL | 82 “79 
14°0 85 “84 82 79) 
15:0 “85 Bi | “82 79) 
16°0 85 “84 | 82 79 
17°0 85 84 82 79 
18:0 “65 “St 82 79) 
19-0 “85 “R4 “BY “79 
20-0 “86 “84 gy ‘80 


Table A must be used whin estimating the probable discharge of a contemplated canal ; 
Table B, of a canal actually running. In the lattcr case, twenty scparate measurements should be 
made, and the arithmetic mean be taken us the average value of the central surface-velocity, v9. 

For ldéger canals, Table B would not be reliable, and the mean velocities past a great number 
of verticals in the same cross section, should be measuied, cither with velocity-rods or with a current- 
meter, A rod reaching from the surface to nearly the bed affords a fair measuremont of the incan 
velucity in any plane. The rod may be simply a sheet-tin tube, 1 in. in diamoter. The lower end 
is loaded, or formed of a round bar of iron, of such a length that its weight almost submerges the 
tube to the depth desired, finer adjustment being effected by the addition of small shot, in still 
water, About 2 or 3 in. is left proj cting out of the water, and the mouth sealed with a dise of tin. 
The velocity is timed by the passage of the float under ropes stretched at intervals across the 


water. 
CARPENTRY. 
Carpentry is the science of combining timber to support weiglit, or to resist pressure; its theory 


is founded on that branch of mechanical science which informs us of the laws of strains in systems 
of framing, and on the other hand treats of the strength or resistance of materials, Timber can 
be preserved in the form given to if, only by careful study of the stresses and strains to which it 
is subject, according to the laws of mechanics, and the strength of the material. 

To be able to determine the dimension or scantling of a piece of timber, ia of the utmost 
importance to the carpenter, in order that his work shall be capable of sustaining the weight or 
pressure hkely to be brought upon it. The irregular naturo of timber has been a great impedi- 
ment to the compilation of rules or tubles, but the difference in good timber is searcely perevptible 
when resistance to flexure ouly is taken into consid: ration, as the laws relating to this result trom 
actual experience, and have been accurately determined. 

Stiffness in timber is the most important quality to the carpenter, as the material is rarely 
exposed to breaking strains. 

The subject of flooring has been entered upon under the article of Construction, p. 1039 of this 
Dictionary. The timbers supporting the flooring boards, as well as the ceihng joists, are termed 
the naked flooring; of this there are three classes, single-joisted floors, double floors, and framed 
floors ; the single-joisted floor has been previously deseribed as consisting of only one serics of joists, 
in which every third or fourth joist may be made deeper, und the ceiling joists are fixcd to the deep 
joista, crossing them at right angles. This method may be used where there is not pies for a 
double floor. By this arrangement, there is very little increase in depth, but considcrable guin in 
imperviousneas to sound. The double floor consists of three series of juists, ceiling, bridging, and 
binding joists. The binding joists vp aur the fluor, the bridgers are notched into the upper aide 
of them, and fhe ceiling joists are notched into the under side or framed between them, the former 
being the prefgrable method. Framed floors differ from these duuble floors in having frames of 
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timber for the binding joists. Double or framed floors are weaker than single floors, comparison 
being made by the quantity of timber employed, but single floors of long bearing are likely to warp, 
and disfigure the ceiling, hence they are used only in inferior buildings; for short bearings where 
a good oviling is required a double floor should be used, but with long bearings framed floors are 
preferuble. Robinson has experimentally proved single-joisted floors to be stronger than framed 
floors, but Hurst has pointed out that these experiments were conducted on a smaller scale than 
tuat in practice, and the difference is probably not so great, because the girders of the framed 
floors arc not so much weakened by mortises. Hurst gives 1 cwt. a foot of area, exclusive of 
the weight of the floor itself, as ample allowance for the probable load on an ordinary dwelling- 
house floor; and 2 cwt. a foot of area, in most cases, for warehouses and factory floors. The 
joists of the single floor should be thin and decp, with sufficient thickness for the nailing down 
of the boards. In cascs where the joists cannot be supported on the wall, a piece of timber, termed 
& trimmer, is inserted between two of the nearest joists having a proper bearing, and the ends 
of the joists to be ni dats are mortised into this trimmer. The dimension of trimmers may be 
found by the same rule as those for binders, the length of the joists framed into the trimmer being 
equal to the distance apart in binders, 

The two joists which support the trimmer are termed trimming joists, and*must be stronger than 
the common joists ; it is usual to add 4 of an inch to the thickness of the tiimming joist for cach joist 
supported by the trimmer. Whien the bearing excacds 8 ft, the single joisting should be strutted 
to prevent the joists turning or twisting sideways, and when the bearimg exceeds 12 ft., two rows 
of struts will be required. Another row of struts should be added fur cach increase of 4 ft, in 
bearing. Theso struts should be in a continuous line across 
the floor. Bourdings put in behtly are a sufficient stiut, 
and simply nailed, are better than keys mortised into the 
alae Tho best method known is Herringbone Strutting, 

‘ig, 771, Tho pieces ure usually about 2 in. square, and 
ure nailed to the joists at the ends. If the joists shrink, 
these struts du not become Joose, and are an casential ad- 
vantage in making a good cilmg. For ordmary purposes 
kingle joists may bo used to any catcnt if timber can be obtained of sufficient depth; where, 
however, the Ixwing execods 12 ft, tho coling will not be perfect, and in single-joisted floors 
sound passes freely. 

The chiof support of a framed floor, the girders, aro often limited in their depth by the size 
of the timber; two cases of scaniling must therefore be considered. To find the depth of the 
girder for the floor of a dwolling-house, when the length of bearing and breadth are given, Hurst 
gives the following rule ;—Divide the square of the length in feet, by the breadth in inches; and 
the cube root of the quotient multiplicd, by 4°2 for fir, or by 4°34 for oak, will give the depth 
required in inches. ‘To find the breadth, when the length of bearing and dc pth are given, the square 
of the length in fect is to be divided by the cube of the depth in inches; and the quotient multi- 
plied by 0°74 for fir, or by 0°82 for oak, to give the breadth in inches. Theo girders iu these rules are 
supposed to be 10 ft apart, and this distance should never be excceded ; if the distance is less the 
breadth of the girder may be reduced proportionately ; girders for long bearmgs should'$e as deep 
ag possible, ‘The small extra space required by the girders is of far less disadvantage than a 
defective coiling or a shuking floor. These rules do not apply to warehouse or other floors which have 
to sustain heavy loads, but the strength of these girders should be calculated by the rules previously 
given in this Dictionary, p. 1040. Broad girders are often sawn down the middle, and bolted together 
with tho sawn sides outwards. The girder, Fig. 772, is supposed tu be treated in this manner, 
which not only gives an oppoitunity of exumining the centre of the tree, but reduces the size of the 
timber, sv that 1t dries sooner and has less hubility to rot. Slips should be inserted between the 
halves to allow of circulation of the air. This operation does not of course increase the strength of 
the girders but greater reliance can be placed on the work. 

For bearings exceeding 22 ft., it is difficult to obtain timber of sufficient size for girders, and it 
is then usual to truss them, Figs. 778 and 774 may be ingenious but are of little use; these forms 
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aro to be avoided. The fir girder trussed with oak gains in strength td the difference of com- 


reaaibility betwoen the two woods, and unless the truss be well fitted, the strength is reduced. 
ron trusses fail unless tied retire the truss from spreading, for these trusses occasion enormous 
mpression of the timber at the abutments. 

ie tn Burlow’s experiments on trusses of the forms of Figs. 773 and 774, the girder having a king 
bolt and two truss pieces ap to give a slight advantage, but the three-length truss was weaker 
than the untruased pieces. Where the depth is limited, and the bearing considerable, ses frac 
should be employed. A timber girder may be strengthened, without increase of depth; by bolting on 
each side a p ate of wrought iron, or by placing a single plate or flitch of iron between two planks 
or a beam cut down the middle and rovelsed. 
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Experimenta made at the Royal Areenal, Woolwich, in 1859, show that there is some advantage 
in this combination. Hurst givos the fullowing formula for the breaking weight of beams with iron 
flitches as deacribed— 


D? 
Ww =F, (CB + 802); 
where B and D are the breadth and depth of the wood in inches, ¢ the thickness of the iron flitch 


in inches, L the length between the supports in fect, and W the breaking weight at the middlo in 
cwta, C wa constaut for the kind of tumber, as follows ;— 


Values of C, Values of C. 
Teak es ae ee as e6 ee 4°006 Baltic fir os oe ee ee ee $°024 
English or Balticoak .. .. 3°62 American pine... .. « « 2°774 
Cunadian oak .. .. .. « 38°178 Cedar... «2 0 « oF oF 2° 219 


Where iron cannot be obtained except at considerable expense, deep girders may be built, and 
the most simple method consists in bolting two pieces together with keys betwoen. Tho heys are 
to prevent the timbers slidmg upon one another, and the joints should be near the middle of the 
depth, Fig. 775. The total thickness of all the keys should be one-third tho depth of tho girder, 
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and the breadth of each key should be about twice the thickness. Tloops may bo substituted for 
bults, the girder being then cut smaller towards the onds to admit of driving in the hoops perfectly 
tight. In Fig. 776 the timbers are tabled or udented together, stead of being keyed; the upper 
part of the girder may be in two pieces. The sum of the depths of the indents should not be Jess 
than two-thirds of the depth of the complete girder, The upper member of the ginder may be bent 
to a curve, and secured from springing by bolts or straps. Considerable stiffness is gained by bending 
beams in this manner, which udmits of building beams of any depth and of the required Snel by 
breaking the joints or so arranging them that they are not coincident in the two members. Tho bent 
pieces ahould’ Iie in thickness ubout 33, of the lenyth of bearing, but they should not exceed in 
depth half that of the giider. Whore timber cannot be obtained of sufficient longth, care should 
be tuken to have no joints in the middle of thc length in the lower part of the girders. Joints 
should be indented or fished; cxamples of these methods of jointing are given at p 2168 of this 
Dictionary. ‘To find the dimension of these girders, multiply 1} times the areca of the floor sup- 
ported in fect, by the length of the bearing of the girder in feot, divide the product by the square 
of tho depth in imches, and the result will be the breadth of the gi:der in inches. ; 





Hurst suggests that it would be advantageous to make each girder only half the breadth given 
by this rule, and to limit the distance apart tu 5 ft.; to bridge the uppcr floor joists over the 
girders, and notch the ceiling joists to the under side of them, and to omit the binding joists. This 
method would greatly increase the strength and stiffness, and be preferable in point of cocnomy, 


° 


but would r quire a greater depth of floo ne. 

Beams should not be built into the wall, but an open space should be left round their ends, by 
either turnfng an arch, or laying a sill stone. 

Binders must vary in depth according to the es iy of the flour. Rules for scantling are given 
at p, 1040 of this Dictionary. Binding juists should be frumed into gisders, Fig. 777, so that both of 
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the bearing parts a and 5 should fit the corresponding parts of the mortise; the tenon to be about 
one-sixth of the depth and at about one-third of the depth from the lower side. 

Bridging joists follow the same rule as single joists. They are usually not more than 2 in. in 
thickness, except for ground-floors, in which case 1 in. may be added to the breadth, to allow for 
decay arising from want of ventilation. 

Ceiling joists need never be more than 2 in. in thickness, and the depth may be found by dividing 
the length in feet by the cube root of the breadth in inches, multiplymg the quotient by 0:64 for 
fir, or by 0°67 for oak. Glirders should never be laid over openings such as doors or windows, nor 
very obliquely across the rooms. As the span of the girder is increased, wall plates and templates 
should be made stronger. The followimg are the usual proportions ;— 


q 


in in. 

For a 20 feet bearing, wall plates .. .. .. «+ « « 4) by 8 
9” 80 99 9 oe oe oe oe ee eo 6 ” 4 

99 40 09 ” . e oe ee oe 7} ” 5 


Floors when first framed, should be kept about 2 in. higher in the middle than at the sides of 
the room, to allow for settling. 

In constrelng floors with short timbers, several ingenious methods have been proposed; in 
Fig. 778 A, B, O, D, represent the plan of a room with four joists mortised and tenoned together at a, 
b,c, and d; each joist being supported at one end by tho wall, and at the other by the middle of the 


next joist. Fig 779 represents another method of constructing the floors with timbers shorter than 





will reach across the room. A very singular floor constructed on a large scale, for a room 60 ft. 
aquare, exists in Amsterdam, and this has no juists whatever ; a wall-plates are firmly secured 
on each side of the room, and rebated to receive the flooring. The flooring consists of three thick- 
nesses Of 1}-in. boards; the first thickness being laid diagonally, the onds resting in the rebates of 
the wall plates. The second series of boards is also laid diagonally, but m reverse diection. The 
third layer of boards aro parallel to one of the sides of the room All the boards are grooved and 
tongued togother, and form a solid floor ger in thickness, The strength of plates supported in 
this manner is directly as the equare of their thickness, and they will support a weiglit in the 
middle whatever the extent of bearing. With a uuiformly distributed load, the strength 1s inversely 
as the area covered by the load. : 

In carpentry, partitions are frames used for dividing the ‘i of the house into rooms. 
Partitions are often of considerable weight, and therefore should have adequate support. They 
are nently allowed to rest on the floor, and cause an unequal settlement. Par.itiona that 
cannot be supported by a direct bearing on the wall, should be strapped to the floor or the roof 
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above, in voce to being laid on the floor below. The partition ought to support its own 
weight, and this may be attained by trussing over the heads of doorways. When eaten have 
a solid bearing throughout their length braces are unnecessary, and partitions may be stiffened by 
struts between the uprights. It is not, however, preferable to give a golid bearing to partitions 
throughout, as the set ing of the walls would cause fractures, but the partition should be supported 
only by the wall to which it is connected, so that all may settle together. The following data will 
assist in forming an estimate of the pressure on the framing of partitions :— 


Ib. Ib. 
The weight of a square of plang! may be taken at .. from 1480 to 2000 por square. 
The weight of a square of single joisted flooring, without 

counter-flooring ..  ..  .. «se ee oe ee weg ~S 260 ,, 2000 o 
The weight of a square of framed flooring, with counter- 

flooring .. 1.2 4s on se oon oe oe ewe we gg 2500 ,, 4000 i 


Fig. 781 is a trussed partition with a doorway in the middle, tho tie, of sill, being intended 
to pass between the joisting under the flooring bvards, Position of greater strength for the 
inclined pieces of the truss 1s shown, as the truss would have been weakened if, with tho sume 

uantity of material, these pieces had been placed as shown by the dotted lines. Trussed pieces 
chould be inclined to the horizontal line, at an angle of about 40°. The honmzontal pieces aa are 
notched into the uprights and nailed; with the doorway at one side of the room, the partition should 
be trussed over the door, as shown in Fig. 780. Posts A B are strapped to tho truss, but in order 
to save straps aro often halved to the inter-tie C D, which in that case should be mado slightly 
deeper. Partitions should be put up some time before thoy are plastered, to allow for warping. 

A centre, or centring, is the timber frame, or set of frames serving as & temporary support, and 
at the same time as a guide, placed under an arch during progress of construction. The centring 
must be of sufficient strength to sustain the arch stones without change of form, while tho 
work proceeds. The centring is the template in wood of the entradvs of the finished arch; and its 
essential parts are, in bridge work, the mbs which span the space between the piers; the bolsters or 
boarding, which he transversely, and support the voussoirs; the koys, or striking plates, bencath 
the riba, which are struck to lower the centring; and a sufficient amount of framing to hold the ribs 
and bolsters securcly. 

A covket-centring ia one in which hoad room is left beneath the arch above the springing lino, 
upon which the temporary supports of the centring may have to rest. 

Centring should be easily removed, and so designed that removal of part does not interforo with 
the supporting of the remainder. In navigablo rivers, to allow for tho passage of vessels, tho centro 
must span the whole width of the archway, or be framed so as to leave a considerable portion 
unoccupied. In narrow rivers tho framing may be erected on horizontal tie-boams, supported by 
piles, or by frames, fixed in the bed of the river. In large archus, the arch stones frequently force 
the centre out of form, and cause it to rise at the crown, unless the crown is proportionately loaded. 
Loading is, however, an imperfect remedy. Ribs of centres are usually 4 to 6 ft. apart, and are 
pet one under cach of the external rings of arch stones, the space between being equally divided 

y the intermediate ribs. <A bridge of three arches will require two centres; one of five arches, 
three centres. 

The firat point to be dotermined as regards the stiffness of centres, is the pressure at differont 
periods of the formation of the arch. It has been found experimentally that tho inclination of a 
plane must attain about 30°, before a stune placed upon it begins to slide, and it is not until sliding 
occurs that the arch stones press upon the centre. A hard stone laid upon a bed of mortar begins 
to slide at 30 to 40°, and a soft stone at about 45°, if it absorbs water sufficiently quickly to partially 
set the mortar. Pressuro may be genetally considered to commence at the joint which makes un 
angle of about 32° with the horizontal. This angle is termed the angle of ropose, and if the 
pressure is represented by the radius, tho tangent of this angle will mcasure tho friction. When tho 
pressure is unity, the friction will consequently be 0 625. The course of stones next above the 
angle of repose will press upon the centre, and the pressure will increase with cach succoeding course. 
Hurst gives the following formula for dctermining the relation between the weight of an arch 
stone, and its pressure upon the centre, in a direction perpendicular to the curve of the centre— 

W (sin. a— f cos.a) = P; 
where W is the weight of the arch stone, P = the pressure upon the centre, f = the friction, 
and a = the angle that the plano of the lower joint of the arch stone makes with the horizontal. 

When the angle which the joint makes with the horizon is 34°, P = +04 W, and at 46°, this co- 
efficient of W becomes 08, at 38°= 0°12, at 40° = 0°17, at 42° = 0 21, at 44° = 0°25, at 46° = 0°29, 
at 48° = 0°33, at 50° = 0°87, at 52° = 0°40, at 54° = 0°44, ut 56° = 0-48, at 58° = 0°52, at 60° = 
0°54. 

When the plane of the joint is so much inclined that the vertical line passing through the centre 
of gravity of the arch stone, fulla without the lower bed of the stone, the whole of the weight of the 
arch stone may be considered to rest on the centre. 

From these data the weight upon the centre can bo easily estimated. For example, to determine 
the pressure of the arch stones, upon 20° of the centre, from the juint, which makes an angle of 82° 
with the horizontal; take from the given numbers the decimals relating to every second ee for 
the first 20°, and add them together. This sum, multiplied by the weight of a portion of the arch 
stones between 2°, will give a product which will be equal to the pressure of 20° of the arch upon 
the centre. In illustration, suppose the frames of the centre to be 5 ft. from middle to middle, and 
the depth of the arch stone to be 4 ft.; let thes between 2° of the arch measure, at the middle of 
the depth of the arch atone, 14 ft. The solid contents will be 30 cubic ft.: and as the weight of a 
cubic footeof stone may be assumed to be 150 Ib., the weight of 2° will be 30 x 150 = 4500 Ib. 
Adding together the decimal fractions for 20°, that is, from 32° to 50°, the sum is 2°26. This sum 
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multiplicd by 45001b. gives 10,170 Ib. for the pressure of 20° upon one rib of the centre. The 
aan ioe very oeeauall until the joint makes a large angle with the horizontal, and in 
vesigning centres the strength should be directed to the parta where the strain is concentrated. At 
the point where the joint makes an angle of 44° with the horizontal the arch stone exerts only 
one-quarter of its weight upon the centre, but near the crown the whole of its weight, so that to make 
the centre equally strong at each of these points would involve great waste in the application 
of the material. If the depth of the arch stone is double its thickness, its whole weight may be con- 
sidered to rest upon the centre from where the joints make an angle of 60° with the horizontal. If 
the length is less than twice the thickness, the angle will be below 60°; if the length is greater 
than twice the thickness, the angle will be above 60°. : 

The error introduced by considering all arch stones with the = above 60° as pressing wholly 
on the centre, is not a very great one, but it is frequently desirable, especially with circular arches, 
to attuin a closer approximation. In any cage, pressure, perpendicular to the curve of the centre, 
will be expressed by the equation previously given, but it is more convenient to measure the angle a 
from the vertical line-passing through the crown, then the converse equation is— 

W (cos. a — f sin. a) = P. 

Denoting the angle included between the joints by a, the pressure of any number n of arch stones 

alike in weight and position, will be expressed by 








cos. 5a x sin. att a — f sin, 5a x ein, 2" a 
WwW \ —_— GS = pressure = [, 
bin. $a 


Tho are « being ascertained, the sincs and cosincs to a radius of unity can be found from a table 
of naturul sines; and the calculation simplified under the following form ;— 
W x sin.— zs a 
as eee x (cos. $na— fain, § na). 
With small arch stones the pressure upon the contro is greater than with large, weight for weight ; 
when the arch stones aro smaller than would be included in 1° of the arch, the errur ceuses to be in 
excess. Tho whole pressure upon the scmicentre may be determined by tho following equation ;— 








cos. = ax sin, "+1, fxeintaxain. “tq 
a ke ae oe 2 2 
sin, $a sin. $4 : 


It is essential that the centre should be designed s0 as to ota aa either 2 portion or the whole 
of the weight of the arch, without deformation. Fig. 782 is of Telford’s design for a centre with 
intermediate supports, used for a bridge over the River Don, of which the span is 75 ft. Fig. 788 is 
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for a stone bridge at Gloucester; the method of ounstruction was as follows. A level platform was 
pared,on which the centre waa struck out to the full size. On the piles were laid tiers of beams 
ae se to the contre, one under each rib, and upon these beams wedges were fixed, which were 


h 
of throe thickuouses, the bottom one being boliod down to the beams. The tongue or driving picoce 
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in the middle was of oak, hooped at the driving end, Each rib of the centre was ee together on a 
scaffold made at the top of the wedge pn and was lifted by two barges on the river and two 
cranes on shore, The scaffold was extended 30 ft beyond the striking end of the wedges to reat the 
last ribs upon previously to raising, and to give the workman position on which to operate, The 
riba, when braced, were covered with 4-in. sheeting ptles, The striking of this centre was effected 
in three hours, by placing beams upon the top of the work directly over the ends of the wedges 
and fixing to these beams a tackle carrying a ram of 12 cwt. to strike out the driving ond of the 
tongue piece of the wedge; after the wedges were started, pieces were put in to prevent them 
going farther than was required. The coverings, or laggings, were thon removed, and the ribs 
taken down in the order in which they were put up, and the piles drawn. 

Fig. 784 18 for a centro, designed by Poronet, fora bndge at Nouilly, whero intermediate supports 
could not be obtained ; in such case thie construction of the centre includes the taking of precautions 

inst the tendency of the crown to riso when the sides are luadid; for this purpose the design 
illustrated by this figure is defective, bucause when loaded at A and B, tho contre must rise ut O, and 
as the timbers approach the parallel tho strains produced by the weight at any point must bo greater 
than the joints can bear, Fig. 7851s for the centro of Wate:luo Bridge, whero this defect 1s avoided. 








A load at A could not causo the centre to rise at C without reduction of the length of the beam A FE 
and of the opposite beam = The design, however, provides an cxeess of strength, and 18 comphented, 
If the line ACO A’, Fig 786, be the curve of an arch, and the angle of pressure of the arch stones 
B’ B is 32°, and if the two trussed frames E DH, KE’ D'H’ abut against each other at C, the pomt O 
cannot rise from pressure at D D' and by adding the pieco F F’ as well as the piccos FT, FV, great 





security is obtained. The curved ribs must be strong enongh to sustain the weight between B D 
and DC. The bearings may be shortened by increasing the length of the abutments DD’. Tho 
beams EC, E’C act as ties, and if the arch stones are laid beyond the points D D’ then they act as 
struts, This preneeen roquires timbers of considerable length. If the built beams EF, FF’, 
and F’ E'’, it 787, be each trussed, and abut at F and F’, when the Joads press se herp at D D’, the 
beam F F’ Will have no tendency to rise. The centre of this design may be applied to any span to 
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which a stone bridge oan be built, If timber of sufficient length is not available the beams HF, 


FF’, and F’ E/ may be built up. 
Fig. 788 is for 4 centre wail adapted for tunnels, framed upon the princi le of a ances Pees 
truss. The backings of the rib are usually of two thicknesses of 3-in. plank bolted together, an 


the distance of the ribs about 5 ft. fiom each other. If raking struts are required during exca- 
vation, the leading ribs should be constructed without ties, as this would interfere with the struts. 





The principal beams of the centre should, whore possible, be made to abut end to end, or to abut 
into a socket of cast iron. Intersection of timbers should be avoided, as it mcreases the number of 
joints, Pieces boming towards the centre should be notched upon the framing, and bo 1 pairs, 
one on cach aside of the frame, well bolted together. The braces marked a a, Fig 787, are supposed 
to be so treated. Where many timbers meet, ties should be continued across the frames, and the 
ribs braced diagonally. 

In order that centros may be easily removed, the principal supports should be placed upon 
double wedges, or upon blocks with wedge-shaped steps, so that these may be driven back to allow 
the centro to fall regularly. Centres should be removed gradually, m order to allow the arch to 
take equal scttlement, and so that it may not acquire too great velocity. The wedges in small 
centres may be driven back with mauls, but in larger works a beam is used asa battering rum. 
The wedges should be marked before they are started, so that the distance to which they are 
dnven may be easily measured and regulated. The contres should be slightly relieved as soon 
as the arch is completed, in order that the arch may settle before the mortar mes hard, It 
is consequently neceasary in striking centres, to be enabled to allow them to rest during any period 
of the operation. A novel method of striking centres was adopted at the bridge of Austerlitz, in 
Paris, in 1854, and subsequently for several bridges erected in India. Iron cylinders, 12 in. in 
diameter and height, were employed, open at both ends and placed vertically on a woodea platform. 
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This platform was the lower striking plate of the centre. The cylinders, to prevent them from 
slipping were placed on discs of wood, fastened to the platform and fitting the interior diameter 
of the cylinders, which were nearly filled with fine dry sand; on the top of the sand was fitted a 
wooden piston. The apparatus was then introduced under the centres instead of wedges ; and by 
allowing the sand to flow gradually away, the centres were removed at the speed required. The 
centres of Waterloo Bridge were placed upon blocks, having wedge-shaped steps, Fig. 785. Again, 
in Fig. 786 the steps are eupposod to be formed on beams, that reach across the whole width of the 
bridge, passing between the feet of the trussed frames and the supporting posts. By this mothod 
the centre may be removed without the necessity of placing workmen beneath. 

Simple designs are best for centres, as 1t would be extremely difficult to obtain a sufficiently 
accurate estimate of the strength of a complicated centre. In the centre, Fig. 786, the stress tends to 
strain the frame E DH, aleo the pieces E H, H’E’, when fully loaded, and tho posts G K, G! K’. 
To calculate the dimensions of the timbers required, lot the pressure of the arch stone between B 
and C be determined, as previously described, and consider half this as weight collected at D, and 
acting in the direction DF. Then the strains in the direction of each of the beams of the frame 
EDH must be found. <Ascertain the pressure of the arch between D and O, and consider it as 
acting at C vertically; the strain on the beams EH, H’ EF’ can then be found, Finally, let the 
whole prezsure of the arch stone betwoen B and © with half the weight of the oontie, ho considercd 
as acting at E vertically, and find the scantlings of the supports KG, K’'G! that will resist this 
pressure. If the length in feet of any of the pieces be leas than one and a quarter times the breadth, 
or smallest dimension, in inches, the joint will give before the timber will bond. When the length 
between the points of bracing is less than in this proportion, the scantling must be found by the 
following rule. The pressure upon the beam in pounds divided by 1000, gives the area of the piece 
in inches, or that of the least abutting joint, if that joint should not be equal to the section of the 
piece. This rule may almost always be applied for centres, because all long pieces may be secured 
against bending, by cross bracing, or by radial pieces boing notched on and bolted tothem, In 

ig. 787 the beams EF, FF’, and F’ EY are the chief supports. If the whole weight of the ring 
between D and C be considered to act in the direction HF at tho jomt F, it will be the greatest 
strain that can possibly be attainod from the weight of the arch stone at that point, Produce the line 
H F to /, make /f equivalent to the pressure, draw Ae parallel to the beam EF. As Af reprosents 
the pressure of the arch between D and C, 4¢ will be the pressure in the direction of tho beam F EK, 
and ¢f the pressure in the direction of the beam F ¥’, Estimate the weight of the arch from II to 
H’, let two-thnads of this be considered to act as the weight at C vertically, and this will be the 
greatest load likely to occur at that point. The frame FE) TH may bo calculated to resist half the 
pressure of the arch stones between Band H. The total weight of the arch stones fiom D to C, with 
the weight of the centre itself, may be considered as acting vertically at EK, and the supports G1 
designed to resist this pressure. The scantling of that part of the rib between Hand ©, or D aud H, 
may be calculated by considering the weight of this portion of the arch as uniformly distributed 
over the lenrth. 

Take for oxamplo the contre Fig. 786, which is designed for a stone arch of 50-ft. span; the 
stone weighs 130 Ib. to the cub. ft., arch stones 3 ft. deep, and ribs 5 ft. from middle to middlo; ag 
the radius of the arch is 26 ft., the radius of an are passing through the arch stones will be 27°5 ft. ; 
the length of this arc for one degre equals its radius multiplied by +01745329 = *48. And 
5x3 x °48 = 7:2 ft., the solid content of one degree of the ring of urch stones. Referring to 
equation, page 299, W x 32°26 = 7°2 « 32°26 « 130 Ib. = 30,195 ib. for the pressure of the ring 
between B and C; suppose this pressure to act in*%he direction DF, and to simplify matters, let it 
equal 31,000 Ib.; draw d f, Fig. 787", parallel to DF, sct off df equal 31 parts, and draw ¢é parallel 
to the beam E11; make de, dé parallel to the principal rafters of the frame KDC. Measure dA 
by the same scale as df, it will equal 70 parts, and as both the ruflers make the sume angle with 
straining force, the strain on cach will bo 4°°°° = 70 in. for tho arca, of which cach rafter will bo 
about 84 im. square. The strain in the direction EH need not be caleulated, because when the 
tie-beam is strong cnough to resist the other strains, itp strength to resiet tension will be more than 
enough. 

Coffer-dams, Shoring, and Strutting.—The thickness of the dam, or distance betwoen the outer and 
inner rows of piles, will depend on the depth of the water to be resisted, and to some extent on 
the stiffness of the soil through which the piles of the dam are to be driven. 

The common tule for the thickness of a coffir-daum is to make it equal to the depth of water 
when such depth dues not exceed 10 ft., and for greater depths to add to 10 ft. one-third of the 
excess of depth above 10 ft. 

When the height of the dam above the surface of the ground exceeds 15 or 18 ft., three and 
sometimes four or more paralle] rows of piles are driven, thus dividing the thickness of the dam 
into two or more equal divisious, each of 5 or 6 ft. thick. 

The height at which the dam should stand above high water will depend on the situation; 
en more exposed it 18, the higher will the dam be required; in ordinary cases 3 ft. will be 
sufficient. 

Before commencing a coffer-dam it ia usual to dredye out all the lvose soil on the site, which 
if allowed to remain would admit water under the puddle. Piles of whole timber, called guide 
piles, are then driven at intervals of about 10 ft. apurt, to mark out the form of the dam; longi- 
tudinul timbers, formed of hulf-balks, called walings, are then bolted on each side of the guide 
piles, one pair near the top, and anuther pair at about the level of luw water. hese serve the 
purpove of keeping in their places the intermediate piles, which may now be driven. 

‘ig. 789 is a dam adapted for deep water. The piles AA are of whole timber, 12 in. square, 
and shod with iron weighing 15 lb. The walings B B were in the first instunce of half-timbers, 
12 x 6 in., and were placed on both sides of each of the guide piles, but when the intermediate 
piles are alleiriven these are removed, and single walings of the same scantling are fixed on the 
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two middle and inner rows of piles, and one waling 12 in. square on the outer row; the top walings 
of the inner row being pled ag The rows of piles are tied together with iron bolts w pass 
through the piles and walings, and are secured with large nuts and washer plates. __ 
the alia used in a coffer-dam should be matched previous to their being driven, so that 
fit close together, and prevent leakage through the joints as much as possible, 


a ae 

he length of the piles will de 

on the nature of the soil and height of 
thedam. For a depth of water of 5 ft. 
on a soft silty bottom, 25 ft. in thick- 
ness, Hughes recommends that piles of 
45 ft. long should be driven 8 or 10 ft. 
into the solid ground under the silt. 
For such a depth of water a double 
dam formed of three rows of piles 
would be required. 

When the depth of water in a tidal 
river is 10 ft. at low water and 28 ft. 
at high water, on a bottom of loose 
gravel and sand 12 ft. thick, with clay 
underneath, the dam should have four 
rows of piles. The heads of those of 
the outer row should be driven down 
to within 1 ft. of low-water mark and 
5 ft. into the clay, making a total 
length of 28 ft. The two middle and 
inner rows to be driven to the same 
a is into the clay, the former to stand 
8 ft. above high water, making a total 
length of 48 ft., and the latter about 11 ft. above low-water mark, making the length of tho 


piles 88 ft. 
A double row of waling pieces should be placed all round the tops of the piles, and be connected 


by wrought-iron’ bolts 1} in. square. 

Owing to the great pressure to which tho sides are oxposed in deep water. coffer-dams require 
to be strutted from the rear; this is usually effected by forming counterforts of piles at short 
sNeervels, peoor’e to the strength required. These piles should be tied together with walings and 
stiffened by struts, and the portion of the dam between the counterforts should be strengthened by 
horizontal struts from the ends of the counterforts. In dams enclosing a narrow space, as in those 
for tho piers of bridges, the strutting might be effected from opposite sides, but they should be so 
arranged as to be casily removed and refixed, if required, as the work procecds. 

Struts in the body of the dam, at a level much below high water, are objectionable, as they would 
hinder the packing of the puddle and be a fruitful sourco of leakage afterwards, from the water 
erceping along them and causing the puddle to scttle. 

ron bolts in the body of the dam, though also a sourco of leakage, are indispensable, in order 
to prevent the dam from bursting by the swelling of the puddle. These bolts should pass through 
the piles and be secured by nuts with iron platcg, and large wood washers under both the heads and 
nuts, to prevent them working into the walingd? from the constant straining to which the dam is 
subject by the rise and full of the tide. 

In double dams these bolts are never allowed to go quite through from onc side to the other, but 
if possible to break joint as it wore in the body of the dam. The bolts in the lower part of the dam 
are shown to go through the outer and middle rows of piles only. 

Fig. 790 is a form of dam used in extension of dock, which is well adapted for a half-tide dam, 
and was constructed inside a temporary barrier which had been erected to keep out the water 








= Lie” 


while the site of a dock was being excavated. The thickness of the dam was & ft. at the top and 
about 16 ft. at the bottom, the total height being 28. It was formed with guide piles of whole 
timbers at intervals of about 9 ft., to which the walings were bolted, and the intermediate 


spaces 
between the guide piles were filled in with sheeting piles, of half-timbers 12 in. by 6 ip. The dam 
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was designed 20 as to allow the timbers and vertical —! be drawn, without running off the 
water from the dock, and the interior clay to be taken out by dredging. The piles and sheeting 
were secured to sills Jaid in chases cut in the rock, strutted to it at the bottom, and tu d to it by 
iron roda, with split lewis bolts at the top the former, with the view of removing 1 and tho adjacent 
rock at a subsequent period and the latter to guard against the pressure of the oarth foreing the 
upper part of the dam towards the duck, before the admission of the wator, aud alti: wards, it tho 
water should by any necessity be reduced to a lower level than usual 

Wooden struts were used in the body of the dam, but they wire arranged so as to inter fire as 
little as possible with the packing of the puddle. 

Fig 791 18 a eumple arrangement for constructing a coffui-dam on rochy ground covcred by 
water, for river works It consists of two 
rows, 3 ft apart, of plunks, A, A, 310 thich, 
pet horizontally and held in their placcs 

y iron roda, B, B, 241n diameter, which are 
inserted 1n the rock at tervals of 3 ft apart 
m each row The two rows of rods and 
acre are tied togethcr by transverse 

Its passed throuzh the body of the dum, 
and fred to horizontal waling pieccs C, (, 
10 in by 61n, placnd on tho outside of the 
vertical rod 

The dam 1s strutted entuely on the inside 
by rows of strong struts, D L and F, placed 
18 ff apart ‘The outer stay D has iron evcs 
fixed at each end, to cnable it to bu dropped 
over the upper cnd of the verti rod at 
the top of the dam and ovcr a pin inserted 
in the rock at the lower extremity GA 
cottar at the upper end kc eps the stay secure 
The countcr stay F 1s fixed at its lower end by the vertical rod of the dum, passing through an 
eyc on the cnd of the stay, sumlar to that at G = The other end is strapped te the rtay D 

A sluice placed im tho dam at the level of low watcr, enablis the water to be let in should a 
sudden ne of the river endanger the stabilty of the dam) =‘The space between the rows of planking 
1s pucked with puddle in the usual way 

In fixmg the iron rods a jumper point 18 fist worked at the ond of cach, they arc than sneecs 
sively yumpcd into the bed of the river to depths varying from 12in to 18in the plants of the 
lower ticr are secured to the iron rods by clasps ot iron, and shy pod down into than places one 
abovo the other 

In POY the dam the puddle 18 first taken out, and the rods bomg mov 1 to and fio can 

raise 

Figs 792 and 793 aro of a coffer dam to resist a great howl of water Tts Ionzth was about 
1500 ft, 300 ft of which were straight, and the remainder formed in two ciculur arcs of 150 
and 800 ft. radu respoctively, the convex side bem towards thoiie: ‘Lhe depth at low wata 
was from 4 to 10 ft, and the rise of tho tide 24 ft 6 in 
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It consists of three rows of whole timber sheet piling, of Baltic ycllow pmo fiom 131n to 13m 
aquare, the outside row battered half an inch a foot, and the other two rows upnght ‘The she: t- 
ing wall drives between gauge or bay piles, placcd 10 ft. apart. ‘Lhe three lust piles driven incach 

. x 
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bay are ey sawn toa taper, in opposite directions, so as to wedge the remaining piles of the 
bay closely together. The average length of the piles in the first row is 55 ft., and in that of the 
other two rows 45 ft., though many of them exceeded 60 ft. in length. 

The height of the piles above the ground is from 28 to 30 ft., all being driven down sufficiently 
far to enter a bed of hard clay. The width between the first two rows of piling is 7 ft., and that 
between the centre and back rows 6 ft. The front and back rows of piling were secured by five 
tiera of whole timber double walings; but in the centre row the three lowest tiers of waling are 
replaced by bands of wrought iron, keyed together in lengths of 12 ft., and forming a continuous 
tis on each side of the piling from the two extremities of the dam. 

The transverse bolts are all break joint, never passing entirely through tho dam, but ter- 
minating at the centre row of piling; they are screwed up against the wrought-iron plating, between 
which and the face of the pile is a washer of vulcanized indiarubber. These transverse bolts are 
24 in. in diameter at the lowest tier of walings, diminishing upwards to 1} in., and in sibel bay of 
25 ft., that is, between two counterforta, there were six through-bolts for each tier of walings, or 
thirty in each bay. The washer plates under the heads and nuts of the transverse bolts are of cast 
iron, 10 in. square, 80 as to give a large bearing surface on the timber. 

For the purpose of distributing the pressure, a cleat of hard wood, 5 or 6 ft in length, is intro- 
duced between the walings and the washers, under all the bolt heads on the exterior face of the 


m. 

The dam is stayed at tho back by counterforts placed at intervals of 25 ft. from centre to centre. 
These counterforts are 18 ft. in length from the back of the dam, and consist of close-driven rows 
of sheet piling of whole timber, strengthened by tiers of walings corresponding with those on the 
inner side of the dam, and connected with them by strong wrought-iron anglc-plates, or knees, 6 ft. in 
length, through each of which one of the long transverse bolts of the dam passed. They were further 
atrongthened by horizontal struts of whole timber, from 12 to 15 tt in length, placed diagonally, 
and abutting in cast-iron dovetailed sockets 1 in. thick; of these struts there were three rows in the 
height of the dam. 

The surfaco of the puddle in a coffer-dam should be covered with a layer of bricks, flags, or 
planking, to protect it from being injured or washed away. This will serve as a staging on which 
to doposit materials, or to lay rails for the purpose of carrying a traveller. , 

Coffer-damns should be provided with sluices, to let in the water in case of danger to the dam by 
the sudden rising of the water on the outside. 





Figs. 794 to 798 are of a coffer-dam constructed by W. J. Doherty, for the erection of a river wall 
at Dublin, and described by him in the Minutes, Institute C.E. It consists of main piles of Memol 
timber, 82 ft. long by 12 in. square, driven as 8 iles on the outer row, 12 ft. apart from centre 
to centre, with corrosponding main piles, 40 to 42 ft. long by 12 in. square, driven ag an imner row, 
leaving a space of 4 ft. 6 in. between for the puddle. The spaco between the main piles of both 
rows was filled in with sheet piles, 12 in wide by 6 in. thick; those on the outer row were driven 
12 ft. into the ground, and reaching up to the water level, were 20 ft. long. Those on the inner 
row being of smaller length, were driven down to the level of the foundation of the new wall, 24 {t. 
below low water, their heads reaching 4 ft. above the water level. 

Tho eheet piles on the inside of tho dam were driven with their fucea in a line with the main 
piles, so as to offer no obstruction to the settlement of the puddle, and the lower edge of the 

orizontal planking, 3 in. thick, with which the dam was sheeted on the inside, from the level of 
8 ft. above low water to 3 ft. above high water, wero lcvelled with the same object. Two 14-in. tie- 
rods of wrought iron were passed through two half-timber wales on the outside, ati the inside of 
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the main piles of thedam. They were provided with cast-iron washers on each end, 8 in. 

and 23 in. in thickness, screwed up with hexagonal nuta. The tie-rods were placed at 1 ft. above 
high-water level, and the other at 2 ft. above low water; these two tie-rods prevented the dam from 
spreading while the puddle was being tipped into place. Clay not being readily procurable, peat- 
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moss was substituted and answered well, when thoroughly consolidated by pressure. The steam 
gantry necessary for the execution of the works was fitted on staging formed of uprights 9 ft. high 
and 12 in. square, resting on the heads of the main piles of the outer row; on these wore placed 
longitudinal runners 12 ft. square, with similar uprights and runners on the land side, at a span of 
50 ft., and braced with timbers, 12 in. wide by 6 in. deep. A row of continuons sheet piling, 26 ft. 
jong, 12 in. wide, and 6 in. thick, waa driven along the land side to support the adjacent roadway ; 
it answered alsosto receive the strutting of the dam. 
x 2 
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As soon as about 200 ft. of wall had been built, a cross dam was constructed between the wall 
and the coffer-dam, by fitting a balk of timber against the wall opposite the main piles of the coffer- 
dam, and bolting to it at intervals of 5 ft, horizontal framing, into which close sheet piling was 
driven. Raking strats were carried from the whole timber against the wall and secured at the main 
piles of the dam at suitable distances. Clay puddle was tipped in behind the sheeting, and a row 
of short piles was driven in at the toe of the slope of the puddle to prevent it spreading. This 
enabled the coffer-dam to be drawn for the length thus cut off. 
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To prevent the dam from being pressed outwards, a foreshore of dredged material was deposited on 
the outside up to low-water level, and piles and struts were placed from the inner dam landwards. 
Besides being in a great depth of water, it was found that the bed of gravel upon which the wall 
was founded, dipped considerably at this place; consequently the piling had to be driven to 28 ft. 
below low water, the depth at which sound gravel was met with. 

Figs 799, 800, are of a coffer-dam across the entrance*to the low-water basin, at Birkenhead, 
also conetructed by Doherty. It was on plan the segment of a circle whoso chord was 476 ft, and 
versed sine 76 ft. The width at the top of the dam was 18 ft., and at the ground line 28 ft ; its 
extremo height from the toe of the outcr row of piles to the top of the dam was 61 ft. Gin. It was 
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formed with two rows of whole piles, inclined in cither direction, the outer row in lengths of 85 t 
40 ft. 12 in. wide by 14 in. thick, driven close as sheet piles, with toes reaching to 35 ft. below thi 
old dock sill; the inner row driven alao as sheet piles, with toes reaching to 30 ft. below the sam 
datum. On every fourth pile of both rows was placed an i 12 in. by 14 in. thick, by mean 
of a scarf 4 ft. long, secured by four 1-in. bolts, reaching to the level of 3 ft. above high water, th 
whole being secured Ls Gell tiers of wales, placed on the outside of the piles and uprights at vertics 
distances of 8 ft. rough these wales were passed, at distances of 12 ft, a series of 2-ir 
wrought-iron tie-rods screwed at each end with hexagonal nuts on cast-iron washers, 9 in, square b 
2 in, . At the level of high water of spring tides, an inner wale, 12 in. was bolt 
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for the purpose of keeping the uprights asunder to the proper width at the top. The whole of the 
interior of the dam, on beth the outer and inner row of uprights, from the level of the old dook sill 
to the top was sheeted with horizontal planking, Sin, in thickness, to hold the puddle; the ground 
upon which the dam rested was chiefly of fine saud, which became quicksand when eaturated with 
water ; ee dam was eventually destroyed by undermining and pressure from without, and was a 
costly failure. 
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The dam, Fig 801, was constructed to resist a constant instcad of a tidal head of water, and 18 
almost straight, 1¢ 18 470 ft long, and consists of two 1ows of whole piles, cach 40 ft Jong by 13 in 
square, driven as close sheeting, about 10 ft into the ground, and 6 ft apart between the inner 
surfaces It was braced togither with two ects of wales, one at the level of high water, and the 
other at 6 ft, below high-water level Through cach a 2-in tie-rod passes, and 1s screwed up on 
timber chocks and washcrs outside The deposit of mud within the dam was cleared out, with a 
dredger, before filling 1t with puddle In use, after the watr had becn lowered 6 ft, the dam 
showed signs of yiclding, and shoring stiuts 14 1n square were placed against tho walings and 
pitching of the slo It will be observed that through-bolts arc uscd here, but such a plan is dis- 
advautagcous, as the puddle cannot be made tight round them, it sinks and lcaves spaces round 
the bolts, although well rammed, and dams with other intermediate bolts almost invanably leak. 
Instead of these bolts, buttress piles may be driven at imtcrvals, to withstand the pressure of the 
puddle, which may then be reduced in thickness. 

Many engineers consider that coffer-dams may be dispensed with in hydraulic foundations, 
and prefer dealing with them by other methods, such as are described in the article on Bridges at 
p. 197 of this Supplement. 

Fig. 802 is @ peculiar form of coffer-dam constructed Ly Law at Rio de Janciro, at the entrance 
of the graving duck, where, as the shore was bare granite, tho ordinary form of coffer-daum could 
not be erected, the site of the proposed cntrance was enclosed by the timber shield, cut at the 
bottom to the shape of the rock against which it was pluced. Tho shape was measured by con- 
structing a temporary stage, similar in form to the shield, the vertical depth was then taken with 
s rod, at distances of 6 in apart, and thus a ecries of ordivates were obtained, to correspond 
with the bottom of the shuld. The shicld was built on the same temporary stago in a jhorie 
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sontal position; the first layer of planks being placed close er on = formed the 
requisite carve, just in the same manner as the lagging of an ordi cen n the next layer 
the planks were bent round the circumference at right angles to the former, being secured at each 
intersection by a 5-in. spike; then succeeded another layer of planks parallel to the first, and simi- 
larly seoured ; then another parallel to the second, and so on, till the total thickness of 18 in. was 


802. 


oom oe 
are me Mp gee oe ome 





obtained, consisting of six planks of the ordinary dimensions, 3 by 9 in. wide by I+ ft. in length. 
The number of thicknesses of plank was increased according to the depth in water, for 5 ft. con- 
sisting of only two thicknesses, another plank being added at each additional 5 ft. in depth. The 
shicld was constructed in threa weeks by ordinary carpenters, and caulked in two days; when com- 
Pee it was lowered without difficulty mto place, being loaded with sufficient ballast to counteract 
suoyancy, It boro aguinst the rock at cithcr side without struts or bracing of any kind; a few 
pino wedges wore inserted on the inner side, where the shield was not in contact with the rock. 

; Shoring and Strutting.—Fig. 803 is the usual method of shoring up a building that is in danger 
of giving way. 

A plank of fimbor 9 in. wide and 3 in. thick, tho lengths varying with the height of the building, 
is placed against the upper part of the wall to be supported. In this plank rectangular holes are cut 
to admit of pieces of tumber, culled needles, fram 44 mm. to 6 in, squaie, and about 12 in. long. The 
needles ure passed through the plank, leaving about 43 1n. projecting on the outside, and penetrating 
about the same distance into the wall to prevent the planks from slipping, and on the outside 
to servo as an abutment for the ends of the struts A, A. These needles ae shown at D, D, 
Fig. ai A cloat E is usually spiked to the plauk on the upper side of cach needle for additional 
strength. 

The struts A, A, called shores, aro from 64 in. for very small buildings, to 123 in. for 
large buildings; halt-balks of timber, or about 124 in., isa usual size, They are fixed at the lower 
end on a footing block F buried in the ground, and at the upper end against the under side of the 
noedies D, D. The outer strut is called tho top raker, and the imner one the bottom shore, the 
other being called the middle raher. 

To retain the atruts in their places, pieccs of timber, B, about 1 in. thick and from 6 in. to 9 in. 
wide, are usually nailed on each side of the struts ut a short distance fiom, or immediately under, 
the points where the needles enter the plank. In furtherance of the same object pieces of hoop-iron 
are nailed around the lower ends of the struts. 

Sometimes, to save length, tho top raker, instead of resting directly on the footing block F, is 
made to spring from the back of the strut immediately under it at a distance of a few feet from 
tho ground, a large oleat boing spiked to the back of the strut to assist in supporting it, 01 a piece 
of timber is continued to the footing block for the samc sh ep 

In cases of houses where one in a row or terrace is taken down, and the party walls of those 
adjoining are not sufficiently strong to stand without support, struts are placed between the houses 
on the opposite sides of the opening, in Fig. 804, D being a plank 9 in. wide and 3 in. thick, 
similar to that last deacribed, Fig. 803, one of which is baie against each wall. Raking struts 
B, B are fixed to the upper and lower ends of the plank against the wall, and to the horizontal 
strut A, which they stiffen. The cleats E, E, and the straining piece C, are for the purpose of 
keeping these rakiug struts in their places. 

he horizontal strut A may be from 6 in. by 4 in. to 9 in. by 6 in., and the raking struts B, B 
about 6 in. by 4 in., depending upon the height and distance apart of the buildings. 


. CARPENTRY. 811 


Whee lowe pection. te being mewrel: eddie wholly pertain te hepa on rei 
wer portion ved, either wholly or f 

the foundation, forming a doorway, or shop-front. ” eee ie Sone 

The method of shoring employed in such cases, though requiring extreme care on the part of 

the workmen, is very simple in principle. It consists merely in breaking one or more small openings 












through the wall, and inserting uw beam or bulk of timber in each of sufficient scantling to carry the 
wall above, and projecting at right angles on cach side of the wall to admit of a stout prop being 
placed under cac end. The props are made to rest on wedges 80 that tho beam may be wedged 
up tightly against the wall which it supports. ‘The wedges aro placed on stout foot-blocks of wood 
or stone solidly bedded in the ground. if tho alterations be extcnsive, and are likely to be attended 
with risk, struts as in Fig, 803 should also bo applied to the building where required. 

Shafts for tunnels, nunes, or other purposes, When sunk through soft or loose strata, require to 
be lined to prevent the soil from being disturbed or the sides from being forced in. A shaft 1s said 
to be timbered when it is lined with wood. Brick-lined shafta are always cireular on plan, but 
tim bored shafts are usually made rectangular, aud they vary in size according to the purpose for 
which they are intended. Four fect squure gives the smallest uroa that meu can conveniently work 
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in. A shaft of this size igs sometimes used for 
wells, trials, or ventilution ; 6 ft. by 4 ft. is, how- 
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they are to be used for the purpose of ventilation 
as well, in which case they are divided into 
upeast and downcast compartments by air-tight 
divisions called brattices. 

The lining, or cleading, of a shaft consists of 
boards, ay A, Figs. $05 and 806, from 6 in. to 
9 in. wide, which are placed against the sides and 
retained in their places by horizontal frames of 
timber B, B, called settings. 

The distance apart of these frames is r gulated by the nature of the ground passed through, and 
their scantli@ will depend on the size of the shaft and on the nature of the ground. Very soft 
ground requires stronger frames than merely louse or friable ground, which dovs not exert so much 
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preasure against the sides of the shaft. Three fect is the least distance apart the frames are likely 
tu be required even in the worst soila, but it should never exceed 6 ft. 

For very small shafts in bie ground the scantling of the frames should not be less than 4 in, 
square. In large shafts, 7, 8, and 9 in. are usual sizes. Cleats are used to keep the sides of the 
frame together, as by Figs. 805, 806. The thickness of the cleading A depends on the distance 
apart at which the frames are set; when they are about 3 ft. apart, 1 to 1} in. is a usual thickness, 
and when about 6 ft. the cleading requires to be 3 in. thick. The former is, however, the safest to 
adopt in treacherous ground. The frames are kept apart at the regulated distance by vertical props 
E, i, Fig, 805, varying, according to the weight to be supported, and the length of the props, from 
4 to 6 in, in diameter. ; 

T'o prevent the tendency which the timbering has to slide down the shafts, strips of timber, 
F, F, Figs. 805 and 806, called stringers, are spiked to all the frames from top to bottom in succes- 
sion, and the whole secured to two balks of timber, 0, C, Fig. 806, laid on the surface of the ground, 
one on each side of the shaft. During the sinking of the shaft the last frame put in is supported by 
raking props, as G, G, Fig. 805. 

In timbering a shaft 10 ft. eh for @ coal mine, two strong balks of timber, say 12 or 18 in. 
nares are Juid upon the site of the shaft. The ground is then dug out to the depth ot 8 ft., so as to 
allow the next fraine to be laid. The inch deals, 6 ft. long, are set up behind the frame, the bottom 
ends of the deals passing down half its thickness, and these deals will rise perpendicularly 8 ft. 
above the surface of the ground, when a light frame, placed within them at the top, will keep them 
in their places. Six feet more in depth of ground is tuken out and another frame laid, and another 
G ft. length of deals put in, also descending half-way down this third frame, and of course half-way 
up the second framo put in, and me ting tho bottum of the first length of deals. Then another 
frame is placed midway between these, and a row of props placcd between each set of frames keeps 
them al] level and in their proper places. 

When this has proce eded some depth, and the ground for a still further length is necessary to be 
taken out, there becomes a tendency for this timbermg to slide down, and the balke first laid come 
into use, Planks, calhd stringing planks, are then spiked to these balks, and also to all the frames 
from top to bottom, thus hanging the whole. This may advantageously be done with chains when 
the whole pressure is downwards. Sometimes, however, it is upwards, although in all cases where 
this cithe: occurs, or is in the least expceted to occur, circular timber 1s almost mndispensable. The 
reason why 8 ft. in the first length riscs above the surface, is to allow of tip room for the 1ubbish. 

The mtemal diamcter of the circular cribs for un 8-ft. finished pit should be 9 ft., and the size 
of the timber in the cribs being, say 6 in. square, would allow about an extra foot ull round for 
the walling, with which permanent shafts are frequently lined, the timber being tuken out as the 
iuasonry 18 pug in. 

The mode of putting in these cribs is the same as that of the syuare frames. An accurate floor 
of wood is prepared, 11 ft. in diameter, in the centre of which is fixed a pivot, on which a radius of 
G ft. moves freely, and at 44 ft. from the pivot is fixed an iron point, the use of which is to describe 
npon the floor a circle 9 ft. in diameter. At short intervals upon this arcle spikes are driven in, 
leaving an inch of their upper part projecting upwards. The object of this is to form a rest to the 
inside of the segments during the operation of forming their joints, 

The timber from which the cribs are to be cut is sawn into ca 6 in. in thickness, and then 
by means of a template sot to the cirele of the shaft or pit, each plank 18 as economically as possible 
cut out into as many segments as it will yield. Although it is evidont that the inside of the ring, 
by being the ecgmcnt of a circle of 9 ft. in diameter, will not courespond with the outside, which is 
that of w circle 10 ft. in diamcter, yet it is sufficiently near, and thus tho same cut that serves for 
the insido of cach regment serves for the outside of another one, or in fact, the same template will 
make all the segments. Several segments having been sawn out in lengths varying from 2 to 4 ft., 
one of them is Inid upon the floor, with its inner side resting against the nails inserted as above 
mentioned, and bemg pressed close to them two or three other nails are driven mto the floor, on its 
outside, 80 as to heep the piece of wood firmly in its place. The radius rod is then applied to the 
picee, and us large a seginent markcd out of it with the point of a nail as will leave a G-in. joint at 
ench end, The cand pieccs are then sawn off. Another piece of wood is similmly treated and placed 
end to end with the flist; then a third, and so on until the ciicle is completed. Before putting in 
tho last or closing piece, however, it is better to pass a saw through cach joint in the line of 
the radius of the circle, so as to make them more true, and to drive up the picces as close ag 
possible. Well curbs, somewhat similar to these cribs, are described at p. 200 of this Supplement. 

Each cirele of cribbing may be sent down the pit in three parts, so many of the short seementa 
as are necessary being nailed together, by meuns of top and bottom cleats of mnch-deal, as will make 
a segment of about onc-third the size of the enb. Each of these thirds to have at one end a top. 
cleat, and at the other end a boticm-cleat, nailed one-] alf upon it, and the other half projecting, 
with the nail holes already bored in them so as to allow of their being nailed to the adjuining seg: 
ment without any delay. 

Figs. 807 and 808 alae one method of timbering a heading or gallery, which is usually performed 
with rough timber. Sole pieces C, C, from 44 to 6 in. in diameter, are laid on the ground or floor of 
tho heading. Short pi: ces of rough boards A, A, called poling boards, about 1 or 1} in. thick, are 

laced against the roof of the heuding, underneath which, so as to take the ends of the polin 

oaids, balks of timber I, B, of the same diameter as the sole pieces, are placed and firmly wedzed 
up by the props D,D. ‘To prevent the props from being knocked away or slipping off the sole 
pieces, spikes, called brobs, are driven into the sole pieces around the ends of the prope. 

When the sides of the heading are likely to fall in, poling boards, Fig. 807, similar to those or 
the top, are fixed against tho sidcs. 

kiy. 809 is the method usually adopted for timbering the sides of trenches and nt rrow excava: 
tions, Poling voarda A, A, about 3 ft. in length, 1 to 14 in. thick, and from 7 to 9 in. wide, are 
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laced against the sides of the excavation as cach successive depth of 8 ft. is excavated. An ordinary 
eal plank B, 3in. thick and 9 in. wide, called a waling, is placed longitudinally against the middle 
of each row of poling boards. The planks on opposite sides of the trench are t in their 
by struts C, CAlaid across and tightly wedged against them. The struts vary in size from 4 in. 
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aquare to 6 or 8 in, square, according to their length and the pressure they have to sustain. This 
mode of timbering can be executed as the work proceeds, and the timbers can bo readily taken out 
in parts when required. 

When the soil is so loose that the sides of the excavation cannot bo upheld until a sufficient 
depth is dug to admit of the insertion of the 8-ft. poling boards, long planks callod runners, usually 
of deal 3 in. thick and 7 or 9 in. wide, pointed and sometimes shod with iron at ono end, aro placed 
behind the waliugs instead of the poling boards. The walings in this case require to be of stout 
timber, frequently ag much as 12 in. by 6 in., and the struts should bo proportionally strong. The 
runners should be constantly driven us the work proceeds, and their points kept about 12 or 18 in, 
in the ground below the bottom of the trench, to prevent the sides from falling m and to permit the 
excavation to be carried to the required depth. These runners aro, however, difficult to draw out 
afterwards, and they have sometimes to be left in. 

CAST IRON. 

Cast iron is a granular and crystalline eompound of iron and carbon, more or Jess miacd with 
uncombined carbon in the form of graphite, but never contaming more than 5 per cent. It is harder 
than pure iren, more brittle, and not so tough, and is obtained by the direct reduction of iron ores 
in the blast furnace. The modcs of combination of the carbon with the mctal, as well as the nature 
aud proportion of foragn matters, such ag silicon, alumina, sulphur, phosphorus, and manganese, 
determine the intfimtely varying qualities relating to its colour, degree of fusibility, hurdness, 
tenacity, and so on, 

Pig iron is the form in which cust iron appears when delivered from the smelter, consisting 
of rough oblong blocks of the metal, which have been run direct from the siuelting furnace inte 
open moulds. 

In practice, the different varictics of cast iron when in the pig, that is, as they are sent from the 
sinclting furnace, are distinguished by the colour and general appearance shown by nowly broken 
surfaces; these exhibit every variation fiom dark grey to dead hard white. 

All ca-t irons are not available for foundry purposes; those proferred are irons which become 
sufticuntly fluid upon fusion to fill every part of the moulds into which they are poured, which 
shrink but slightly upon cooling, which, once ma solid state, admit of eusy mampulation, and whilst 
satisfying thene conditions, possess sufficient strength for the purpose to which they are to be apphed. 
Theee different qualities are found combined in a higher degree in grey cast iron than in white 
lions, and the former are therefore most generally uscd for foundry work, 

Grey iron merges into white iron by nuperceptible degrees, and in some irons the two are clearly 
developed in the fracture of one and the sume pig; it is then called mottled iron, and this is 
fiequently of great strength. Some seven or eight classes may be found sunuing from elar white 
at the one extreme to dense grey at the other, and cach class is commercially reeognized by a 
distinctive number, No. 8 being the wlutest, 5 the mottled, and the lower numbers including the 
grey varictics. But three kinds were at one time classified. In recent years, however, the larger 
number given above has been almost invariably adopted. 

In white cast iron the greater part of the carbon 1s present in the form of a chemical combina- 
tion, carbide of iron, whilst in grey cast iron the carbon is mechanically ar Alaa in amall black 

cks amongst the lighter coloured particles of metal, the fracture being of a dark grey colour, and 
being of a grunular or scaly crystalline chiracter. Grey cast iion is much softer and tougher than 
white iron, and may be filed, or turned; whilst white irun is very brittle, aud can ncither be turned 
in a lathe nor filed. 

These qualities may be altercd to a certain extent, as by casting grey iron in thick iron moulda, 
or chills, it becomes almost ag had as steel; but this change takes place only at the surface, the 
inside of tle casting still retaining its grey colour. If it is desired to soften a casting which is too 
hard to be turned or bored, this can be done by heating the casting for several hours in a mixture 
of Lbone-ash and coal-dust, or in common sand, and allowing it to cool slowly whilst still imbedded 
in these bad heat-conducting materials. 

Grey cast iron requires a higher degree of heat before it commences to fuso, but becomes very 
liquid at « sufficicntly high temperature, so as casily to be run into moulds. 

White cgst iron is not so well adapted for casting, as it docs not flow well; it is rather pasty 
in conaistence and sciutillates as it flows frum the furnace to a much greater extent {ban grey iron. 
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White cast iron is silvery white, either granular or crystalline, difficult to melt, brittle, and 
excessively hard. 

This quality of iron is obtained by using a low temperature and a small quantity of fuel in the 
blast furnace. It is a homogeneous chemical compound of iron with from 2 to 4 per cent. of carbon, 
and is well suited fur forge purposes, to which it is generally applied. 

Granular cast iron can be converted into grey cast iron by fusion and slowly cooling; whilst 
grey cast irou can be converted into granular white cast iron by fusion and suddenly cooling. 

Crystalline white cast iron is harder and more brittle than the granular, and is not capable of 
being converted into grey cast iron. This variety is too brittle for use in machinery. 

The general Sean Sar ion of the three principal varicties of cast iron is shown by the columns 
marked FG H in the following table; while in column A is indicated that of the Suuth Wales 
cinder pig; B, common white pig from the same locality; C, mottled iron made with charcoal and 
cold blast; D, Dowlais No 3 best mine pig; and E, Cleveland No. 2 foundry pig. 

Grey cast iron contains about 1 per cent. or less of carbon in chemical combination with the 
iron, and from 1 to 4 per cent. of carbon in the state of graphite in mechanical mixture. The 
larger the proportion of graphite, the weaker and more pliable is the iron. 

No. 1 contains the largest proportion of graphite; it is distinguished in appearance by great 
smoothness on the surface of the pig, and is the most easily fusible, produces the finest and 
moat accurate castings, but is deficient in hardness and strength, in which it is inferior to Nos. 2 and 3. 

It is indeed charged with carbon tu excoss, and when turned, free carbon may be observed flying 
off like powder. The crystuls are large, extending over tho entire fractured surface, which shows 
a characteristic blue-grey colour and coarse grain. When broken, the pig does not ring, but falls 
asunder with a dull leaden sound, and it usually breaks very evenly, showing but little tenacity. 
When fluid it is marked by a notuble absence of either sparks or splashes, The surface is dark and 
sluggish, and as it cools it becomes covered with a thick scum, which is a source of much waste. 
Used very hot, as when melted in a crucible and air furnace, it is so fluid that it will run into the 
finest und most delicate moulds, This property, as already remarked, peculiarly adapts No. 1 
foundry pig for tho purpose of small thin and ornamental castings, and anything that requires a 
minute adaptation of the metal to the mould. No. 1 is not often employed by itself, but commonly 
ag an admixture with scrap. 


TasLE I.—Composrtion or Oast Iron. Spretgon. 
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Waker Best Mine} Found 

Chnies ‘Pig. | Pig.” | Grey. | Mottled | White. 
Tron... «6 ve oe | 9S'°SS 94°56 | 93°53 | 90°24 | 89°39 | 89°86 
Combined carbon “} 2°80 0°04 - 1°82 1:79 2°46 
Graphito.. ..  « 3°10 3°44 2 64 Ill 0°87 
Silicon .. ww se 1°85 2°16 1°13 3°06 2°17 1°12 
Sulphur... 4... 0:14 0°11 0 03 114 1°48 2°52 


0°63 1°24 0°93 1°17 0°91 
0°50 0°43 0°83 0-60 2°72 





Phosphorus... 1°66 
Manganese .. .. es 





No. 2, which is lighter in shade than No. 1, is finer in grain, not so soft, it is not so fluid when 
melted, nor the skiu of the pig so smooth. Bumg closer grained and more r gular in the fracture, 
it is more tenacious, and while capable of being easily turned and polished, being harder and 
stronger than No. 1, it is preferred for strong ornamental castings. Melted, it is seen to be of a 
cloar reddish white colour, splashing little when poured into the ladle. There is a scum and a 
sluggish flow, but not to the same extent as with No.1. When being run into the mould, it breuks 
ovor tho edge of the ladlo in largo shects, leaving bohind them long narrow lines running from sido 
to side. As the iron cools, these lines open in various directions until the surface is in lively motion, 
lines intersocting each other in every direction, This activity continues until the surface becomes 
atiff or pasty, but on removing this covering, these lines are again seon flittimg over the surface. 

No. 3 is the most extensively used foundry iron, owing to its being a medium between the 
extromes, Which can therefore be used for a variety of purposes. It has less carbon than the other 
two kinds, and possesses less fluidity when melted; it is also more minutely grained, and smoother 
in tho fracture than No. 2. The broken surface shows a slightly mottled appearance at the margin, 
while at the centro there is a regular arrangement of smaller crystals comparatively compact and 
dense. As it flows into the ladles there is a display of sparks flying in various directions, and an 
nbsence of seum, the surface being clean. Figures are slightly visible at surface, but are small, and 
pass off entirely as the metal cools. It possesses a greater degree of toughness, as well as hardness, 
and turns out strong, durable castings; it is therefore selected for parts liable to great and sudden 
strains, and exposed to constant wear and tear; tram plates, for example, hcavy shafts, wheels, and 
ordinary ateam cylinders, where large quantities of scrap are available. It is the opinion of many 
founders that o considerable advantage can be gained by a liberal use of No. 8, in conjunction with 
a smaller mixturo of jrood soft pig iron. 

No. 4 foundry iron, as it is called, when fractured, is more or less mottled, with a whitish glossy 
appearance. The pig is difficult to break, and the fracture uneven, indicating a considerable 
amouut of tenacity. hen melted very hot it has a clean, glowing surface, and as it is poured it 
throws out showers of sparks in ull directions, which continue to break into small particles, and 
fuse during their fight. Thie phenomenon is peculiar to this description of iron, but may be 
observed with other irons which have been very much exposed and oxidized by the etmusphere. 
While still in a melted state a constant succession of small globules rive to the surface, these 
expanding gradually and sceming to merge by degrees into the molten mass, bung replaced 
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continually while the iron remains fluid. On cooling, the surface is found covered by thin scales 
of oxide. No. 4 will be found applicable to very heavy castings, such as girders, bed-plates, engine 
beama, plain columns, and the like, rg saree where there is little after machine manipulation 
necessary. It is obviously ill adapted for light casting, as its density renders it useless for filling 
delicate moulds. The purely white irons are entirely unsuitable for foundry purposes, and aro 
therefore beyond our consideration here. 

The following remarks upon some points which we have already troated of may aid in roughly 
estimating the quality of a cast iron. 

When the colour is a uniform dark grey, the iron is tough, provided there be also high motallic 
lustre; but if there be no metallic lustre the iron will be more easily crumbled than in the former 
i The weakest sort of cast iron is where the fracture is of a dark colour, mottled, and without 

ustre. 

The iron cy ae accounted hard, tenacious, and stiff when tho colour of the fracture is lightish 
grey, with a high metallic lustre. 

en the colour is light grey, without metallic lustre, the iron is hard and brittle. 

When the colour is dull white, the iron is still more hard and brittle than in the last case. 

When the fracture is greyish white, interspersed with small radiating crystals, the iron is of the 
extreme degree of hardness and brittleness. 

When cast iron is dissolved in chloride of lime, or chloride of magnesia, the sp. gr. is reduced 
to 2°155 ; most of theiron is removed, and the remainder consists of graphite with tho impurities of 
cast iron, A similar change takes place when weaver’s paste is applied toiron cylinders. Sea-wator, 
when applied for a considerable time, has the same effect. It takes much longer to saturate white 
cast iron than to affect grey. The soft groy iron yields easily to the file after tho outer crust has 
been removed, and in a cold state is slightly malleable. 

We may state also that the quality of iron in a melted state is readily judged of by a practised 
eye from the nature of the agitated aspect of its surfuce. The niass of fluid scems to undergo 
a circulation within itself, having the appearance of ever-varying network. When this network is 
minutely subdivided, it indicates soft iron. If, on the contrary, tho iron is thrown up in large 
convolutions, the quality of the metal must be hard. 

Thero are many individual exceptions to the ordinary classification of pig iron, which, although 
a matter of great convenience, is so far artificial, inasmuch as iron varies in quality, measured by 
the minuteness of the grain and foreign admixtures, by minute graduations botweon tho two extremes, 
Considerable latitude is therefore allowed in the classification of pig iron. 

“Scrap” or the broken-up fragments of every conceivable article which cast iron is employed to 
make, is as variable in composition as can well be imagined. A gencral churacteristic i. that it 
can be melted with less fuel, as it is deficient in tho thick siliceous skin which usually covers the 
pig, and more can be melted in a eee timo, as the silica nocessitates a liberal use of inneaten or 
some other flux, by which course damage frequently occurs to tho lining of the cupola. It should 
be observed that “ scrap” has become altered from its original composition as often as it has been 
remelted, for on every cooling the parts nearest the surface become white and hard, that is, to some 
oxtunt chilled, and containing, therefore, more combined carbon than before, and hence its common 
daily uve as an addition to soft pig, in order to confer upon the latter greater hardness and closer 
grain. It is a mistake, however, to suppose that a custing made with fine-grained serap will have a 
tincr grain than that of the pig employed to makc it, for it is obvious from a slight consideration of 
the luws of crystallization, alluded to at p. 313, that tho fineness of the grain, that is, of tho 
crystals in a finished casting, materially dopends upon tho size and the rato at which it cools, 

It muy uot be out of place here to refer to the erroneous idea that ropeated meltings improve tho 

uality of cast iron; in fact, with many cases 1¢ is quite the reverse. Sir William Fairbairn gave 
dita fullucy to the world some yeurs since, and going forth as it did under the sanction of his name 
and justly regarded reputation, it has been repeatedly received as an established fact. ‘T'o that 
great master of tfte foundc rs’ urt, Robert Mallct, is due the disproval of Fuirbairn’s conclusions, and 
the true view of the matter. Mallet says ;— 

“ Every melting mixes it up with moro or less finely divided oxides and silicates, in addition to 
which the carths, which are met with in the matciials of the furnace, the fucl and the flux, often 
get reduced, and their bases in minuto quantity alloyed with the iron, The conjoint effect of the 
foreign bodies and diffused oxides is to prevent the metal running clcan in the moulds, or making 
sharp, sound castings ; and the effect both of the diffused oxides and of the alloy with the metulys 
of the earthy bascs, is frequeutly to sensibly impair the ultimate cohesion of the cast iron. 

“These evils arc masked, or rather may be occasionally masked, by the increase of hardness, 
the approach towards white cast iron, which is moduced by cach successive cooling ; but the com- 
bined effect is not that of improvement in the metal as a structural material, but a deterioration ; 
for although it is, as is well known, a fact that the ultimate cohesion of white cast tron is much 
greater than that of grey or darker coloured metal, its cvefficic nt of extensibility ut rupture is a great 
deal less; in other words, the white cast ion is stronger, but not so tough. 

“ For these reasons, as well aa others affecting the facility and pertoction with which hard white 
cast iron is moulded, it is to mislead the practical iron founder to tell him thut the oftener he melts 
ani casts his good pig iron, up to ‘thirteen times ’ at least, the better it becomes. In brief, the facts 
are these ;—Ist. Every additional melting of cast iron injures, or is likely to injure, its quality as a 
structural material by the addition of forcign substances. These reduce the value of the cocfficient 
of resistance at rupture, and may or may not reduce that of ultimate cxtension ; that is, the metal, 
by remelting, becomes weaker and may become more brittle. 2nd. Every additional cooling after 
melting increases the hardness, density, and coefficient of resistance at rupture of the metal as last 
melted, but constantly decreases the coefficient of ultimate extension, that is, the metal by re- 
croling beqpmes stronger, but more brittle. The limit to these effects is found at the point where 
the whole of the cast iron has passed into the state of white cast iron, as it is produced in “the 
chill,” or in“tho “ finery ingot.” The effects are more rapid as respects the melting in proportion 
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as foreten bodies, having more powerful affinities and in larger quantities, are presented to the cast 
fron in the Panane: eae add also, as the nature of these bodies shall be more or less injurious 
when combined therewith; and as res the cooling are more rapid in proportion as the rate of 
cooling is more ao, 8rd. The conjoint effect of repeated and alternate melting and cooling thus 
may or may not result in & material possessing a higher coefficient of ultimate cohesion at rupture, 
but will always result in one more brittle, and thus of less in place of greater structural value. As 
respecta the properties of the material in the iron founder's view, its moulding properties are always 
deteriorated. 4th. If the cast iron at the commencement be assumed to be very bright grey mottled 
iron, or white iron, then it is certain that the effects of every subsequent melting, under the ordinary 
conditions of cupols or sir furnace, must prove deteriorative, and that only.” 

The principal and most objectionable rs eri found in iron and steel are sulphur, phos- 

horus, silicon, calcium, and magnesium. Sulphur and calcium make iron brittle at a red eat ; 
this is called “ red-short” iron; phosphorus and silicon make it brittle at low temperature; this is 
known a8 “ cold-short ” iron. 

The latter is the greater defect of the two. To avoid sulphur, use fuel which is free from 
sulphur; iron, which has been smelted, or puddled with charcoal, or with coke, that is, free from 
sulphur, is the strongest and toughest. Hence the high estimation in which ‘charcoal ” iron is held. 

Phosphorus comes cither from phosphate of lime contained in the ore, the fuel, or the flux, or 
from phosphate of iron in the ore, phosphorus being most abundant in those strata where animal 
remains are found. 

The presence of calcium and silicon can only be avoided by the use of ores that contain neither 
silica nor lime, such as pure hwamatite, or pure magnetic iron ore. 

Silicon makes iron brittle and hard, and has a similar effect on it to phosphorus; it is 
constantly found in cast iron; hot-blast iron has more silicon usually than is found in cold-blast iron. 

Alloys of iron are but of small importance to the founder. The following may be briefly noted ;— 

Chromium does not readily combine with iron, which it causes to be excessively hard. 

Aracnic ori saple a fine white colour to iron, but makes it brittle. 

Gold combines very readily with iron ; it serves as 8 solder for small iron castings, such as breast- 
ping and similar articlos, 

Silver does not unite well with iron, but a little may be alloyed with it; it causes iron to be very 
hard and brittle. The alloy is very liable to corrosion. 

Copper, if alloyed with iron, is not regarded us a homogeneous compound, but a small quantity 
of iron added to brasa increases its tensile strength. 

Tin, with iron, makes a hard, but beautiful alloy, and can be mixed in any given proportions, 
which, if nearly half-and-half, assumes a fine white colour, with the hardnoss and lustre of stvel. 

Alloys of iron are but scldom used at present, owing to the casy and economical ways in which 
it can be gilded, silvered, and galvanized, or coated with other metals. 

Of the various brands of cast iron which are useful to the founder, Scotch pig iron is superior 
for most purposes to any other pig iron; a little Scutch No. 1 will give fluidity to inferior brands. 
Cartshcrrie, Coltncess, Langloan, Shotts No. 1, aro in much demand on this account. This 
superiority may be ayia attributable to the varictics of ironstone which occur in Scotland, and 
paitly to the adaptability of Scotch coal under pays manipulation to produce No. 1 iron. 

Coltnss pig iron is almost exclusively used for foundry purposes, und is in very high demand 
owing to ita high percentage of uncombinod carbon, which makes it particularly suitable for 
soe with the light grey qualities of charcoal iron produced on the Continent, and with old 
oundry scrap. 

To good Scotch pig is frequently added a certain proportion, varying to suit the requirements of 
the case, of “ull mine” Staffordshire iron, 

Lilleshall pig iron is a celebrated cold-blust iron, remarkable for its strength and resistance to 
torsion and tensile strains in a manufactured state; henco it is gencrally kept in stock to be used ag 
a mixturo for the metal in any casting whero strongth is of primary importance, and it is also very 
lurgely used in foundrics for casting into soft or hurd chilled rolls. 

The following list gives the numes of a few of the most celebrated British makers of good melt- 
ing pig iron. These have bocn selected for no invidious reason, us there are many others making 
exoellunt foundry pig whose names are unknown to the writer :-— 


Roberts and Co... 4. we we ee ee 2 ee) Tipton Green Furnaces, Make good melt- 
Ing iron for bc dsteads, and forge iron, 

H. B. Whitchouse .. .. .. «36... =. += Prior Fields, Bilston. Best melters. 

Bowling Iron Co. os ae ewe ewe) Best melters. 

J.H. Porson... 4.) wee) we Swe Swe )3S Windmill End, Dudley. 

Qvchrane and Co, ww we ee we we we S| Duly. 

Madeloy Wood Co... «. oe es SS )Ss Shropshire. 

W. Baird and Co. oe ee we tee) eS Gartsherrio, Scotland. 

Coltness Iron Co... 2. 6) ewe we Se Ss Coltnerns 9 

Wilaeon and Co. .. «2 os ee ete Sl e:SC Stummerloo ra 

R. Addie ww ww wee we we we SS Laangloan ‘ 

W. Dixon... ue we we wee we we S| Govan 33 

Morry and Oo, 4.4 oe oe oe ee we ~ Cambro ss 

Shotts Iron Co. oe oe ee oe ee ee oe Shotts 9 

Burrow Haomatite, Iron and Stoel Company .. Barrow. Iron for malleable castings. 


In making ornamental casts, strength is of secondary consideration, but in machinory, and 
girdors for structural purposes, it is of the first importance. In foundries where machinery is 
cast, or watcr-pipes, or beams for bridges, or aogeomapee there should be means of testing the 
strength of their cast iron. The safest and best way of doing this is to have a standard pattern, 
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may a bar 2 ft, long, 1 in. thick, and 2 in. wide. This pattern is to be moulded in a particular 
flask, with uniformly dry sand, and cast inclined at a particular degree. The mixture of iron is 
made in a crucible melted in an air furnace. This proof-bar is fastened with one end in a vice, and 
at the other end a platform is suspended, upon which so much weight is piled as to break the bar. 
Ite deflection or deviation from the straight line, or from its original position, is measured. In 
this way the relative strength as well as the degree of elasticity may be measured, and tho 
relations of the strength of one mixture of iron to another mixture are decided with great practical 
certainty. Under all conditions a mixture of several brands of iron is stronger than the averago 
strength of the whole, each taken by itself. It is rare, thereforo, to employ only one kind of iron 
in the foundry. Generally mixtures are made, varied according to tho nature of the objects to bo 
cast, the work to which they will be applied, and the strains to which they will be exposed. It is 
the power of making mixtures which possess these qualitios, of various kinds of iron in the casting, 
that forms the principal advantage of the second fusion. The founder can thus modify, entirely at 
will, the nature of the metal according to the exigences of his work, and apply to each object tho 
quality of iron best adapted for it 
A thorough acquaintance with the different kinds of cnst iron and the results obtained by their 
mixture constitutes one of the qualifications of a good founder. It is like many other things very 
difficult to acquire, and can only be the fruit of numerous observations and a lengthened expericnee. 
The kinds of pig iron which should be mixed, to obtain the best resulta, depend very much 
upon the situation of the foundry, and the Na of iron which are most easily and cheaply 
precured in the immediate neighbourhood, and as tho nominal brands of iron differ considerably in 
uality in varip"g localitics, only a few general considerations can be mentioned, as in purchasing 


the buyer wil} ‘~ ha guided mainly by his experience, and the possibilities of obtuining 
an article as & ‘its as his position affords. 
If pig iron is tu. | » spongy, it may be improved by adding No. 8 iron, or seraps froin 


old castings, which are prete: lc. 

Very black grey iron will bear an addition of 30 per cent. of No. 8 pig or scrap. Iron which 
contains too little carbon is successfully improved by adding No 1 until the wished-for strength 
and texture are obtained. Iron from different furnaces ought to be mixed together, and if there 
is any possibility of obtaining iron from ditferent localities and different ores, it iy to bo preferred, 

In all cases, however, it is better to mix No.1 of one kind with No. 2, 3, or 4, or scrap of 
another kind. 

A mixture which makes a close and compact grey iron is tho be-t both for strongth and 
economy, but in each instance proper considoration must be given to the purposes for which tho 
iron is pal bekite as it by no means follows that a mixture which is oxcollent for one class of castin 
is even tolerably adapted for another class. Thus iron which mahos a mee clear casting for anual 
ee work, could not with safety bo used for parts of heavy machin 
girders. 

Small or ornamental verbs require a fusible iron, not too groy, which will soon solidify and 
take a clear, sharp impression from the mould. 

Tron which is a little cold short, containing a slight admixturo of phosphorus, docs well for auch 
work; whilst for ruilings, or balustrades, or other purposcs where the iron may be subjected to 
rather sudden strains, the pig should he fine grained, and freo from phosphorus. 

In order to obtain a metal having the ulmost blipperiness of susface, manganiferous iron is 
strongly recommended. For heavy castings, where great tensilo strongth is required, spiegoleiscn 
should not be used ; but if an iron is required that will bo good for turning and boring, as in tho 
case of steam-engine cylinders, 8 manganiferous iron must be used in such proportions as will 
render it most suitable for undergoing these operations. Spiegelcisen alone does not give the rizht 
metal, as it contains from 8 to 10 per ccut. of manganese, which is too large a ptoportion; 2 or 3 

r cent. of manganese is tho best for giving a good slippery suifaco, which will continue in the 
Best order in working, and is consequently well suited for horizontal, stationary, and locomotive 
ee and for other sliding surfaces. A metal possessing great fluidity in imelting can be 
obtained by a mixture of North Lincolnshire manganiferous iron with hematite and a little 
Scotch pig; this gives a close metal, which, though difficult to file, can be turned and bored with 
facility. By the use of the simple ingredient mangancse, added in proper pioportions, iron for tho 
exuct character required for steam cylinders, slide valves, or motion bars can be obtained. 

While ordinary cast iron emits sparks whon run from the furnace, and often gives off occasional 
bubbles of gas during its cooling, iron containing manganese evolves so much combustible gas, that 
upon the surface of the metal while flowing from the furnace is a sheet of burning gas. While tho 
jron is cooling the gas is discharged in numerous jets. Iron containing manganese retnins after 
solidification much more hydrogen than cast iron. A specimen of each kind of iron weighing 
500 grammes (17°635 oz.) heated in a vacuum to 1472° Fahr., gave off the following quantitics of 


G85; 


ery, or for beams and 


Charcoal Iron. Spiegeleincn. 
Carbonic acid ..) «swe ee we SiG ee. wae was ae? OO 
Hydrogen... «2 oe «+ «+ « 12°38 so te ge we EO 
Carbonic oxide ..  .. « « «. 2°8 din? Saee’ Haw, —@o. _ O0 
Nitrogen es oe as ae ee es 1°0 ae oe ee oe 2°5 


The carburetted manganese takes up much more hydrogen than iron carburetted to the same degree, 

It is seen, then, that the presence of manganese in cast iron increases materially the occlusion of 

hydrogen, and diminishes that of carbonic oxide. 

A A Met good ae — ane | and rah ei ae hee om vara ao is cr of 
parts, by weight, cliarcoa , No. 5; 10 parts, by weight, Scotch pig; 10 parts, by weight, scrap 

iron. other is made of the followin irons Blacna via (cold blast), Silverdale ( Madeley Wood), 

Hamatité, No, 7 or 8, and Glepgarnock mixed with good scrap in varying proportions 
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Where great hardness is required, an excellent mixturo is 2 parts charcoal pig, No. 5; 4 parts 
Beotch pig; 30 perts — 

In order to get a perfectly homogeneous mixture, and at the same time to have the power of 
thoroughly examining the metal before finully casting, it is advisable to melt the metals together 
first, and cast in small ingots or pigs which can be easily broken for testing and examination. If 
the mixture proves satisfactory, it can then be remelted, and cast in the mould. Such a precaution 
will often save the production of waster castings. 

When a souen. close-grainod casting is required, borings and turnings of wrought iron are often 

t in the ape a along with the broken pig. An instance of such a inixture is when a powerful 

ydraulic cylinder is to be cast, for unless the metal ia very fine in tho grain it will bo useless for 
the purpose. Care and judgment exercised in the preperation of the churge of metal for the cupola 
will always bring its own reward and substantially add to the reputation of any foundry. 

Morris Stirling had @ process for making tough iron, which consisted in I areotiad pieces of 
wrought iron into cast iron, and passing them through the furnace together. Most practical iron 
founders have some particular mixtures of iron to which they attach great importance, and with 
reason, for upon the judicious union of different brands of iron the ultimate value of the casting for 
ite apecial purpose mainly depends, and as carriage is an expensive item in dealing with so weighty 
a material, that which {s pene ia, othor things being equal, the best iron to employ. 

Table 2 will be found of service, as it oxhibits the percontage of carbon and silicou contained in 
various kinids of cast iron, and for comparison similar particulars of some wrought irons and steel. 


Tapuy Il.—PeroswtraG® OF CARBON AND SILICON CONTAINED IN VABIOUS KINDS OF OA8T AND 
Wrovant [non AND STEEL. 











Drecription. Silicon Authority. 
per cent. 
Rplogololson (Now Jersey, U.B.).. ..  «. 0°100 | Henry, 
‘ (Gderman) .. 0066 ewe 0°179 | Schafhautl. 
is (Musen) ..0 0. 08 oe 0°997 | Fresenius, 
Lifata pig iron (Dannomora, Swoden) 0-176 | Henry. 
Groy pig iron, No, 1 (‘Tow a ce ee 4414 | Rilvy. 
ee ee oe slag ve Aaa a ee 4°810 | Toukey. 
roy fout n, No. etherton, South : , 
Binfordahirey. 2. ° ee ee ° . oe oa i os ae } 1 48 | Wool wich Arvonal. 
Ditto ditto, No. 2, dilto .. 1:27 a 
Grey forge pig iren ditto oo... 1°16 $5 
Forge pig iron, ditto .. ow. 0:88 A 
Stong forge pig iron ditto... 0°57 as 
y pig iron (Dowlaia) “s a 8 2°16 Riley. 
“dottled ditto, ditto... 1°96 ‘s 
White ditto, ditto 2.06. 6. ee ae tein 1°21 
Mattled ply iron (Wellingborough) ..0 6.0 oa. 2:11 Woolwich Arsenal 
White pig iron (Blaenavon)... ee oe eis 1-11 Percy. 
Rofined iron (Bromford, 8. Staffowishire) .. F 0°65 Inck. 
Puddled steol, hard (Konigshitte) sa "006 | Brauns 
Ditto ditto, mild (South Walos ‘106 | Parry. 
Oust stool, Wools 2.00 6n news | ee Honry. 
m for flat flog 1.0 6. ee we we eee | A. Willis. 
- (Huutsman's) for outtura .. 0.0 wk oe | 3 
- for chisala 6.006. ce oe wes | 3 
Dio ateol (welding) .. 0 6. as we | : 
» double shear steel www :, 
» Quarry drills sie 2 | i 
Li) masons’ tools oa ae ae ee oe ” 
i mpades ..0 6. ue te wee ss 
» railway tires ee ae ee ee oe ae j oe 9 
‘ PAUG. ce. (00. Eee: ees Ser, SE ae a a se 
m plates for ships... eee e | “ Various. 
> Ory ma ic} | 4 aie 
" (melted ou open hearth f “"  *** a ; 
Hard bar iron (South Wales)... we we eee | "080 | Sohafhautl. 
» wo» (Kloster, Sweden) .. «| “252 | Henry. 
9 A) | (Russia).. an o¢ ee eos ee oes one 1 
. ”" oh oa ae eo ea oe ae we ” 
Boiler plates (Russell's Hall, South Staffordahire) .. | 144 ‘ 
Armour platos (Wcardale Iron Co.), too steely “a "110 | Percy. 
Bar iron (Lafeta, Sweden) 6.0 cc cece ee Henry. 
9 (Gysinge, Sweden) ee ae ae ee oe . 056 n 
Ld Nasi % Rweden) a6 0 as es e¢ e “028 oe 
Armour plates (Beale & Oo) 0. 6a wie : "174 | Perey. 
) (Thames Tron Oo.) oe on ee ve é 160 ” 
" (Low Moor) ee ae ee ry) oe ae "1923 Tookey. 
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« It seema scarcely posaible to exaggerate the importance in designing iron castings, of s0 
arranging their ont! as least to interfere with the natural laws of crystallization, winch come 
into play during the cooling of the metal. 

It is of vital importance that anyone who may have to dosign castings should thoroughly under- 
stand the problem, “How does the shape of the casting allow the lines of crystallization to flow so 
na to keep them in the most compact form, and so that tho molecules are not separated by any 
unnatural force?” 

The following remarks on crystallization will have no reference either to iron or steel, when it 
has undergone the process of either rolling or hammering, for these 80 re-arrango the molecules as 
to direct them from their natural flow, just as when they pasa from a liquid toa solid state. Wo 
must therefore confine our attention to inctals passing from the liquid to the solid condition, by tho 
act of crystallization; and moro particularly to cast iron and brass, for it is to these that the 
founder has most frequently to direct hia attention and to exercise his skill. Not unfroquently the 
founder gets the blame when some portion of a cast-iron structure has failed, even when no defects 
are apparent to the uniuituted. It is asserted that the founders havo not put good metal in the 
pri for that it has becu calculated from a proper formula, what quantity of material should 
carry the load required. At the same time it has not been considered in which way the linca of 
crystallization flow, nor by the addition of many oxcrescences to the casting, that they may have 
80 dwtorted it as to render it comparatively a very wenk thing. 

Iron which bas been poured into a mould, on changing from a liquid to a solid state, becomes a 
mase of crystals. These crystals are more or loss irre ular, but the form toward which thoy tend, 
and which they would assume if circumstances did not prevent, is that of a regular octahedron. 
This is an cight-sided figure, and may be imagined to be formed out of two pyramids, having thoir 
bases together. In a perfect crystal of iron all the linos joining the opposite angles are of equal 
Jengtha and at right angles to each other. These lines are called the axes of the crystal, C'on- 
cerning this formation of crystals, Mallet observes, “It ix a law of the molocular aggregation of 
crystalline solids that whon their particles consolidate under tho influence of heat in motion, their 
erystala arrange and group themselves with their principal axcs in lines perpendicular to the 
cooling or heating surfaces of the solid, that is, in the dircetion of the heat-wave in motion, which 
is the direction of least pressure within the mass. 

This is truc, whether in the case of heat passing from a previously fused solid in the act of 
cooling and cryatallizing on consolidation, or of a solid not having a ecrystallino structure, but 
capable of assuming one upon its temperature being suiflciently raised by heat apphed tu its 
external surface, and 60 passing into it. 

“For example, if an ingot of sulphur, antimony, bismuth, zinc, hard white enat iron, or other 
erystallizable metal or atomic alloy, or even any binary or other compound salt, or hyalotd body, as 
sulphide of antimony, calomel, sal-amimoniac, various eults of baryta and lime, chloride of silver or 
lead, or even organic compounds, such as camphor and spermaceti, provided it only bo capable of 
aggregating in a crystalline form under the influence of change of temperature, as from fusion or 
sublimation, If an ingot or masa of any such body be broken when cold, tho principal axis of the 
crystals will always be found arranged in lines bal cea a to the bounding planes of the mass, 
that is to say, in the lines of direction in which the wave of heat has passed outwards from the 
mass in the act of consolidation.” 

Now, cast iron is one of those crystallizing bodies which, in consolidating, also obcya law more 
or leas perfectly, according to the conditions, xo that generally it may be enunciated asa fact, that 
in castings the planes of crystallization group themerlyes porpendicularly to the surface of the 
external contour; that is to say, in the dircetion in which tho heat of the fluid cast iron bas passed 
outward from the bedy in cooling and solidifying. This ix because the crystals of cast iron are 
always small, and ure never well pronounced, Their directions are seldom apparent tu the eye, 
but they are not the less real, Their development depends ;— 

1, Upon the character of cast iron itaclf, whether or not it contains a large quantity of chomi- 
cally uncombined carbon, suspended rie eae which Karsten has shown to be the case with all cast 
irons that present a coarse, large-grained, sub-crystalline, dark and graphitic, or shining spanglod 
fracture, Such irons form in castings of equal size the largest crystals, 

2. Upon the size or massa of the casting presenting for any given variety of cast iron the largeat 
and coarsest aggregation of crystals, but by no means the mont regular arrangement of then, which 
deponds chiefly upon— 

4. The rate at which the mass of casting has been cooled, and the regularity with which heut 
has been carried off by conduction from its surfaces to those of the mould adjacent to them; and 
hence it is that of all castings in iron, those called “chilled,” that is to sav, those in whieh the 
fluid iron is cast into a nearly cold and very thick mould of cast iron, whose high conducting power 
carries off the heat, present the most complete aud perfect development of crystalline structuro, 
perpendicular to the chilled surface of the casting. 

n such the cryntals are often found ry crating to 1§ in. or more into the substance of the metal, 
elear and well-defined. 

In a round ber the crystals are all radiating from the centre; in a square bar they are 
arranged perpendicularly to the four sides, and hence have four lines in the diagonals of the square, 
in which terminal planes of the cryetuls abut or interlock, and about which the crystallization is 
always confused and irregular. 

The direction of the crystalline radiation follows the planes of the figure, with but little exception 
or deviation. In a flat plate are diagonal lines of weakness, as in u square figure. The pairs of 
diagonals, joining the corners nearest to cach other, are joined by a long line paralle] to the two 
lung surfaces. This line is also a line of weakness, as the lines in which the crystals assomblo in 
the systems belonging to each surface begin at the surface, and, as the ing cools, elongate toward 
the centre. @When they mect in the middle they do not form continuous lines through from one 
surface to the otter. 
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" Castings may be made which will not show this peculier appearance, and may not have it in, 
any asthe aeons, but if such castings are exposed to heat the crystals will change position, and 
assemble in liues perpendicular to the surfaces through which the heat entered the casting. 
greater the heat the more marked will be this peculiar structure, and the law, as before stated, 
applies equally in this eRe all the crystals finally assembling in lines perpendicular to the bounding 
surfaces which were heated. 

This can be illustrated in the following manner :—Take two pieces of zinc which have been 
rolled into a sheet, and heat one of them just below the melting point. To illustrate the point in 

uestion, it must be remarked that rolling any metal into a sheet elongates each crystal in a 

frection perpendicular to the presyure exerted in rolling, that is, lengthwise in the sheet, and if 
the metal {s drawn into wire, the crystals are lengthened in the same way. By bending the piece 
of zinc that has not been heated, it will be found that it is tough, and can be bent many times 
without brenking the crystals lengthwise. Take the othor piece of zinc that has been exposed to 
heat. In it the crystuls have turned round, and bave formed themselves in lines perpendicular 
to the surface through which heat entered, and it will brenk when it is bent. The uliar 
orystalline structure is varied somewhat by the quality of the metal used, but it depends more 
directly upon the amount of Leat pissing out, or, m casting, upon the rap dity with which the 
operation is performed. 

It may hero be remarked that in casting lurge thin plates; such as flooring vate it is the 
practice of the founder, when they are cast open, to cover them over with loose sand as soon as the 
metal ceases to be liquid; and then to remove the sand, so as to expose the surfuce of the metal to 
the action of the air in a croaswiso direction; the object in doing so is the more rapidly to cool 
those portions where crystallization is longest in taking place. If this be not done, the plate not 
unfrequently buckles, and thereby loses its uniform level surface, or sometimes it actually splits 
naunder, Ono of the difficulties founders have is to keep large flut plates straight, or from flying 
into several pieces. Whenever, therefore, it is possible to cool them in the lines of the weakest 
points, and thereby to get the metal by rapid cooling, as near as possille to the other parts, so much 
the better, This cannot bo done at all times, for it is occasionally not possible to uncover those 
portions of a casting without cooling other portions, which would thus cool too rapidly, and »0 cause 
a greater evil, Thus it is that som: times much judgment is needed so as to suit the conformation 
of the casting, and to reduce the lines of crystallization into such forins as will in some measure 
avert destructive changes. In a large circular plate to which is attached a large portion of a 
oylinder, it would bo most difficult to get the centre portion to cool, and thereby crystallize in the 
samo latio as the onter edge, for the heat is so much concentrated in tho centre that those portions 
of the mould cannot be removed until crystallization hag almost come to rest. It is of great im- 
yortance that the proportions of the metal should be arranged so as to neutrilize those two diver- 
geneies, and also to reduco the lincs toa minimum. If a circular plate, Y ft. diameter, be cast and 
out from the edgo to the contro, the contraction of the iron by crystallization gives an opening of 
1g in, Tho noutral otrain upon this plate must be very great, and many such castings fly into 
picoos upon the Jevast heat acting upon them. It is therefore necessary to rearrange its formation 
eo as to reduce the crystallization to a minimum, This can be done by slightly changing the form, 
and thas reducing the strain. This example shows how important it is to pay strict attention in 
the following out of natural laws. 

The prinoipal axes of the crystals in a cylinder should be all directcd to the centre. They 
thorefore gradually chauge their direction, and thus no planes of weakuess are produced. These 
considerations explain tho general law as applicd to cast-iron artillery, and which is as follows ;— 
“That overy abrupt change in tho form of the exterior, every salient, and every re-entering angle, 
no matter how small, upon tho exterior of a cylinder, gun, or mortar, is attended with an equally 
sudden change in the arrangoment of the orystals of the metal, and that every such change 18 
accompanied with one or more planes of weakness in the mnas,” 

The natural remedy for this is to avoid all sharp angles, allowing tho metal, when possiblo, to 
flow in curved lines instead of sharp aqnare corners. 

The equare projections of the * veuttleld” produce at each angle planes of weakness which, in 
tho cago of re-ntcring angles, ponetrate deep into the body of the gun. That these planes really 
do oxist is evidenced by the lines of fracture in bursted gana, which almost always follow along the 
angles of the aides of the “ venttiold.” The sume may be said of hydraulic cylinders when a boss 18 
cast on, whoreto to uffix the conneeting pipe and the pumps, and also in the trunnions of guns. A 
gun, like every othor motallic substanoe that fails under strain, must fail in the weakest place, and 
the places of fracture and position of these planes of weaknces coincide most remarkably. The 
conclusion, therefore, acums inevitable, that, howover incapable the unaided eye may be to discover 
any differonovs in the crystalline arrangements of the various parts of castings, such planes of 
wouknees do exixt in the positions and from tho causes pointcd out. 

To obviate two unfavourable conditions, it is best to cast a cylinder or tube hollow, to suspend 
the oore of the mould from the top or head, insert a perforated tube down the interior of the core, 
and then inject a current of cold air into the interior of the casting. In America somo use water 
to cool auch interiors; cvld air ia, however, a8 moet casy cf application, less danzerous and more 
effootive. Tho fact is that by injecting vold air down the core, the central heat is reduced and 

laced on an equality with that of the external surface, thereby getting rapid crystallization. The 

ensitics of the outor and inner surtacea are also thus made uniform with each other. 

Now as larity of development of tho crystals in cast iron Ay sy upon the regularity with 
which the melted maes cools, and the wave of heat is transmitted from the interior to its surface, 
eater the oryatals in the lines of Icast preasure in its transit, so the extent of development, ar, 
what the same thing, the size of each crystal, depends upon the length of time during which the 
 aptiee of crystalline arrangement goce on, that is to say, upon the length of time the casting tak«s 

Q ° & 
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* ‘The lower the temperature at which the fluid cast iron is poured into the mould, and the more 
rapidly the mass is cooled down to solidification, the closer will be the grain of the motal, the 
the crystala, the fewer and leas injurious the planes of weakneas, and the greator the apecific 
gravity of the casting. The very lowest temperature at which metal can be poured, so as to fill 
every cavity of the mould without risk of defect, ia that at which » large castinz, auch os a heavy 
gun, a hydraulic cylinder, or a large anvil block, ought to be produced. It ia here, however, that 
e difficulty of the founder begina, and especially where castings of a complicated furm are 
required. The point, then, is to get every portion of the mould filled without cold shota, or col- 
loctions of impurities arising in the metal from eddies or othor obstructions. It ia thus an absolute 
necessity to have the metul as liquid ns possible, and to get the mould filled as rapidly as it can be 
dune. Founders know well that accumulations of a dcteriomting kiad occur with dull metal and 
slow running; and experieuce has taught that casting: are much more free from defeata, both of 
cold shots and impurities, by using hot metal, although the crystallization is not so perfoot in heavy 
castin 

Irons are often melted ry pee having different degrees of fusibility; thoy will perhaps mix, 
bat not combine properly with each other. 

These irons, having different niulting pointa, will shrink unequally, and not having become 
united into one homogeneous body, but existing separately, each one will pull the other, and, if 
possible, pull completely away, causing the carting to break. No.1 iron hoa a higher melting 
point than No, 2, made from the samme ores, and not only do different grades of iron shrink diffor- 
ently, but of castings poured from the samo metal, a small casting will shrink more than a heavy 
one, Excess of heat in every case, howevor, incrvages shnukage, The lower the melting point the 
leas shrinkage. Experimenta show, as in the case of other alloys, that a mixturo of two brands of 
iron may have a lower melting puint than either of them when used separately, and on the other 
hand, a mixture of a number of brands of iron may havea bigher molting point than any one of 
the brands used singly. It is wenerally considered that charcoal iron has a higher melting point 
than coke iron. Following up the statement that of castings poured from the sme iron, the light 
shrinks more than the heavy casting, it follows that in making o pattern no part should bo thickor 
than another. Of course it is not possible in practice to adhere to this axiom. Much, however, may 
be done to avoid very sudden contractions in shape, 

Chil-casting. —Chill-casting converts into white iron the outer skin of a casting made from certain 
ualities of cast iron; the depth to which this alteration extends is capable of bemy regulated, 
his white cast irun is very hard, brittle, and crystalline, and scarcely differs either im chemical or 

physical properties from steel, except that it cannot be tempered In this case the whole, or neatly 
the whole, of the carbon contained in the iron is in a state of chomioal combination with it; whilst 
in eee irous most of the carbon is diffuned throughout tho mass in the form of smell particls 
or acales. 

If the cast iron contains a large proportion of manganese, the amount of combined carbon nay 
be as much as 10 per ount., but ordimary pig iron seldom contuing more than 5 per cont. of combined 
cirbon. These particles of uncombined carbon must, whilst the metal is in a melted state, be com. 
bined with it, for being of a much less specific pravity, less than half, if they were floating about in 
separate particles, they would necessarily oome to the surface of the mutal. [tis therefore assumed 
that tho separation of the particles of carbon tukes ae at the momout of solidiflention, 

If athin sheet of groy cast iron is rapidly cooled, it becomes whiter, that im to sny, a larger 
proportion of its carbon is held in chemical combination. White cust ron may alko be obtained 
froin grey pig, by alternately melting and eooling it in the ordinary mauner | When it is desirod 
to obtain a white iron direct from the blast furnace, the ee artlee of fuel as reduecd below 
the er usuully allowed for the same quantity of ore and blast, if a gonl grey ison wore 
required. 

M Thee facts exphiin the resulta which are obtained by the process of chilling a casting > where 
the akin of the casting is in contact with the ehill, itis, fora certain distance in, converted into @ 
hard white iron, whilst the interior of the cnating will remain ot the same general nature as to 
colour and toughness as the pig from which tt was cast The sudden cooling of the metal prevents 
the combined carbon near the outer portion from repariing, whereas the cooliny of the tiner 
portion of the nutal being more gradual, allows it to resume its normal condition. The suxpended 

rticles of carbon which are held in the metal near the extenor of the custing, are supposed tu be 
erced inwards mnto the interior, or stil fluid portion, of the casting. 

All, or nearly all, the carbon in the chilled portion of the casting is therefore in chemical con 
bination with the metal, whilst that im the imterior remains suspended an separate atoros or scales. 
Ruch is the generally accepted thiory of clulled castings, which may indeed by open to objcetion ; 
the practical result ia, however, beyond any question. 

Yhill-moulds differ from the ordinary moulds in having to be made so as to admit the chill. 
That in which a railway wheel is cast consists of three boxes. The lower is a box of common 
round form, mercly to hold the sand and give support to the centre core and the middle box. Tho 
upper box is of a similar form, also ruund. The middle box is a solid ring, cast of mottled irun, 
and bored out upon a turning lathe, giving ite interior the reverse of the exact outer form of the 
rim of the wheel. This middle box ought to be at least as heavy as the wheel is tu be after casting, 
and it is preferable if it hus two or three times that weight. All the three boxes oro jomed by Jugs 
and pins as usual, and the lutter ought to fit well without being too tight. The chief difficulty in 
casting these chilled wheels, is to make the cast of a uniform strain to prevent the whcols from 
breaking, and wheels with spokes or arms are very liable to this. 

At present most of these wheels are cust with corrugated discs or plates; in this way the hub 
may be cast slid, and the whe] is not so liuble to be subjected to an unequal strain in the a tal 
ae when cast with spokes. In sach plate-wheuls the whole space between the rim and the bub is 
filled by motal, Which, however, in most cases is not more than } in. or 1 in. thick. The rim of a 
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good wheel should be as lard as hardened steel at its periphery, but soft and grey in its central” 
dee The first requisite is more safely attained by having a heavy chill; but if the cbill ae 
eavy, the inner parts are apt to suffer from the rpese d ualities of the chill. Success in 
branch of fuunding depends very much on the quality of the iron of which the wheels are cast. 
Soon after casting such wheels it is advisable to open the mould, and remove the sind from the 
central ion, 80 as to make it cool faster; this precaution saves many castings, not only in this 
particular ~~ but in many other instances. Uniformity in cooling is as necessary to success as 
vod moulding. 
. Chilled mallets are the most important examples of chilled castin The mould for a chilled 
roller consists of three parte. The lower box of iron or wood is filled with new sand, or a stron 
composition of clay and sand, in which a wood pattern is moulded, which forms the coupling 
the neck of the roller. The middle part of the mould is the chill, a heavy iron cylinder well 
bored. The upper part of the mould again consists of a box, but is higher than the lower box, so 
as to make room for the head in which the impurities of the iron, sullage, are to be gathered. The 
two boxes with their contents of sand must be well dried. In some establishments the two ends of 
the roller are moulded in loam, over the chill, to secure concentricity of roller and coupling; but 
this can be quite as safely arrived at by tee the ears and pins of the boxes well to the chill. 
The chill is lis important part in this mould; it ought to be at least three times as heavy as the 
roller which is to bo cast in it, and provided with wrought-iron hoops to prevent its falling 
to picors, for it will certainly crack if not made of very strong cast iron. The iron of which a chill 
is cast is to be wtrong, fine-grained, and not too grey. Grey iron is too bad a conductor of heat; it 
is liablo to melt with the cast. Iron that makes a good roller will make a good chill. The face of 
the mould is blackened like any othas mould, but the blackening must be stronger than in other 
cases, to resist more the abrasive motion of the fluid metal. The chill is blackened with a thin 
coutiny of vory fine blacklend, mixed with the purest kind of clay; this coating is to be very thin, 
or it will acale off before it is of service. 

The most important point in making chilled rollers is the mode of casting them, and the quality 
of iron used. To cast a roller, whether a chilled roller or any other, from above, would cause a 
failure. All rollers must be cast from below. It is not sufficient to conduct tho iron in below; 
there is @ particular way in which the best roller may be cast, for ulmost every kind of iron. In the 
general mode the gute is conducted to the lower journal of the roller, and its channol continues to 
a certain dixtanoe around it. It touches the mould in a tangential direction. In casting fluid metal 
in thie gate the metal will assume a rotary motion around the axis of the roller, or the axis of the 
mould. ‘This motion will anny. all the heavy and pure iron towards tho periphery, or the face of 
the mould, and the sullage will concentrate in the centre, It is a bad plan to Icad the current of 
hot iron upon the chill, for it would burn a hole into it, and melt chill and roller in that place 
together. The gate must be in the lower box, in the sand or the loam mould. The quulity of the 
moltod iron modifies in sume measure the form of the gate; stiff or cold iron requires a rapid 
circular motion, while fluid thin iron must have leas motion, or it is linble to adhere to the chill. 
Tho roller must be kopt in tho mould until pertectly cvol, but the cooling may be acoclerated by 
digging up the sand around the chill. 

any anvils, vicos, and other articlus are made of cast iron, mounted with steel ; the welding 
together of steel and cast iron is not difficult if the steel is not too refractory. This process will nat 
succoed well with shoar stecl, and hardly with blistered steel ; but it is easily performod with cast 
ateel, by soldering it tu cast iron by means of cast-iron filings and borax. The cast-steel plates to 
be wolded ta tho fuces of anvils, are generally from a half to five-cighths of an inch thick, and as 
wide as the face itself. Theso are ground or filed white on one mde, and then covered on that side 
with a conting of calcined borax. The plate, with the borax on it, is heated gently until the borax 
molta, which covers it with a fusible transparent glaze.» The plato in this condition is laid quite 
hot in the mould, which latter is made of dry and strong sand. The iron is poured in and rises 
from bolow; the sto] plate boing the lowest part of the would, it will have the hottest iron. Tho 
het to be given toe the iron will depend in some measure on the quality of the stvel ; shear stocl 
requires hotter iron than cast steel. The cast iron used for these purposes should be strong and 
grey, but not too grey, or the union of tho iron and steel is not strong. White cast iron will not 
anewer in this cuse, partly bocuuse tho casting would be too weak, but chiefly because the cast iron 
would fly or crack, in hardening the stecl. The hardening is done under a considerable beat, with 
an aceoss of water falling from an elevation of 10 ft. or more. 

Chills are aluioat always made of cust iron, in a few oxerptional cases only is wrought iron 
substituted. . 

The grenteat practical advantage to be derived from the process of chilling, is in cases where a 
union of sever) opposite qualities is desired in the same casting. I¢ would be difficult to over- 
estimate the value of the combination iu a pair of chilled rolls, for instance, of an exterior as hard 
and dk nec as hard steel, capable of being turued or cut toa smooth polished surface, with an internal 
core, #0 to speak, of tho best soft tough cast iron, 

The chilled portion of the casting 14 of a higher specific gravity and harder than the interior, 
uniform in texture, and crystalline. 

Even where the metal «mployed in the ensting was originally a white iron, the chilled portion 
is found to be rather harder, and its crystalline formation more regular. Such a metal as white 
cast iron ehotld uot, however, bo employed for chilled castings, as the interior would not be so 
tough and atrung as it should be. 

Dark irons are not at all adapted for the purposes of chilled castings. No. 1 8c tch pig being 
particularly unsuitable; when the right quality of iron cannot be obtained, it is sometimes neces- 
wary to melt up a suitable proportion of hard white acrap cast iron with the eoft dark grey iron, 
which alone would scarcely chill at all. 

Hani, tough, bright grey, or mottled pig, having emall crystals and a good uniffrm texture, are 
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well adapted for the purpose, provided do not contain an exceas of uncombined carbon; the 
a ywagictert manganess in the pig iron, or the addition of a little spiegeleisen, improves the quali 
D 

Where tho shape and size of the casting are such that the mass of metal in the interior will 
long retain ite heat, much of the effict of chilling is lost; the greater the preortn the chilled 
surface beara to the size of the casting, the more effectual the chilling will be. The depth to 
which the chill may be formed in castings admits of a certiin amount of regulation, but there are 
also circumstances affecting the castings which are at times almost beyond control, 

It is nut at all times ible to obtain the right quahty of iron; the size and shape of a castin 
cannot always be well adapted for chilling; or the chill-moulds may uot be of sufficient depth o 
metal, to conduct away the heat from the wolten metal with the necessary rapidity, to allow it to 
tn ity without being aguin melted, by the radiation of heat from tho still molten metal in the 

terior. 

Assuming a cylindrical casting of some 8 or 10 in. diameter, a depth of chill of at loaat 1 in, 
can be obtained, provided the un tal employed is at all fit for the purpose, and with the iron beat 
suited for chilling a much greater depth can be obtained, with proper care as to the moulds and 
the like. But in the great majority of enses 1 in. depth of chill is sufficient. 

For castings that will have much surface wear, such aa in rolling metal, or crashing minerals, 
allowance should be made in the depth of the chill for the removal of the exterior of the rolls, by 
their repeatedly being turned in the lathe, as their surfaces become worn or injured in uav, 

At same time it must be* rememberod, that the greater the depth to which the ohill is 
carried the more briltle is the casting. The chief strength of the ousting ia in its tough, unaltered 
metal beneath the hard chilled surface. 

In considering the advisability of the greater or leas depth of chill, therefore, estimate the 
extent to which the casting may be worn or turned bi fore it becomes necussary to replace it. 

Avoid chilling to a groater depth than necessary, especially in cases whore strongth is roquired 
in the castings, to re-dst transverse and othor strains, 

To casting large chilled rulis, the moulds for the onds and nocka should be of dry sand, or loam, 
properly built up and connected with the iron chill for the roll itself. Or the ion chill for the 
ends and necks cau be mide much thinner and lighter in substance than that for the centro. 

The mass of metal m the chill largely influences the depth of the ehilled portion of a casting; 
it is neces-ary not only that it should be sufficient to reduce the temperature, in a few minutes, of 
the iron on the suriace, from the temperature at which it is poured, say 2500° Fahr., to that 
of solidification, aay about 1000°, when it is bight red in daylight, but aleo that ot should be 
capably of xbeorbmg the heat which will ridiato from the interior of the ousting, so as to prevont 
the solidified and chilled surface from being remuted by the radiation of mtornal hoat. 

Moisture in moulds is at all tines dangerous, but when these aro made of sand or loam, the 
danger is lossened to a certain oxtent, by the porous material allowing of the escape of some of the 
pent-up gases and steam generated by the intense heat of the cast metal. 

When, however, chill-moulds are uscd, the utmost precaution is required to have them 
absolutely dry fur uae. 

This entire freedom from moisture could acarcely be obtained, still leas preserved, in the warm, 
damp air of a foundry, with perspiring workmen hurrying about ; the steam and vapour would at 
ouce condense on the surface of an iron chill-mould, if it were brought cold into the shop. Con- 
sequently the chill is nlways heated to a considerable oxtent before pouring, a precantion which it 
is all the niore necessary to observe, when the clull is to be us din conjunction with sand or loam 
monkis, Lt this were not done, any dampness left in tho sund or loam would probably be driven 
ont, and at once condense on the surtace of the chill, 1f that were not heated to @ timparnture con- 
sidcrably higher than thut of the surrounding atmosphere, 

The steam and gases which would be formed in a damp chill-mould, when the metal waa 

ured, having no means of escape, would acquire tremendous ¢xpansive forces, and would either 
wurst the mould and send the liqaid iron spirting about amongst the founders, or ut loast, ruin the 
casting and distort the mould. 

It would appear that to heat the moul! would impuir ils property of chilling the metal poured 
into it. Yet m practice it is not found to have this effect even when heated to 250? Fuhr. 

It is even asserted that a anpertor chill ia obtained from a hot mould than from a cold one, 
other things beipg equal; it must be remembered that with a mould heated even to 250", thore ss 
@ large margin of difference between that temperature and that of the melted iron poured into it, 
and it is suppow~! thet the chill has a greater tendency to conduct sway heat from the motul east 
in it, it the clull be previously heated to about the temperature ubove named. 

The heat given out by the cant metal penctrates through the chill with eatraordinary rapidity, 
and if the walls of the clull ure not sufficiently thick to absorb the greater por ion of the huat, con- 
siderable risk 18 run, that either the casting and the mould may fuse together in one solid mass, or 
that the effect of chilling may be neutralized, by the heat evolved from tho o ntral thas of the 
casting vot beng conducted away with sufficient rapidity. It may be assumed that cast iron 
expands slightly at the moment when it posses from the liquid to the solid form, such expansion, of 
course, teuding to burst tie mould. 

To awnd thee evila, the mass of the chill must be properly proportioned to tho ares of the 
portion of the casting which requires ty be chilled, in relation to its entire bulk. In the case of 
e casting which has to be chilled over its entire surface, the weight of the chill-mould should be 
about three times that of the casting tu be mode from it, presuming the casting not to be of 

tionally large diménsi:ms. 
Sof however, are the circumstances under which chill-moulds have to be employed, that 
experience is almoet the se possible oe for their construction. 

It is desirabl@pot to the chill-mould thicker than is nercsmry to cnable it to carry off the 
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wheel should be as hard as hardenod steel at its periphery, but soft and grey in its central” 
rts. The first requisite is more safely attained by having a heavy chill; but if the chill nie 
eavy, the inner parts are apt to suffer from the vipoee J Fg sg of the chill. Success in 
branch of fuunding nds much on the quality of the iron of which the wheels are cast. 
Soon after casting such wheels it is advisable to open the mould, and remove the sund from the 
central portion, so as to make it cool faster; this precaution saves many castings, not only in this 
perticular — but in many other instances. Uniformity in cooling is as necessary to success as 
ood snoulding. 

Chilled cellars are the most important examples of chilled castin The mould for a chilkd 
roller consists of three parte. The lower box of tron or wood is filled with new sand, or a 
composition of clay and sand, in which a wood pattern is moulded, which forms the coupling 
the neck of the roller. ‘The middle part of the mould is the chill, a heavy iron cylinder well 
bored. Tho upper part of the mould again consiste of a box, but is higher than the lower box, so 
as to make room for the head in which the impurities of the iron, sullage, are to be gathered. Tie 
two boxes with their contents of sand must be well dried. In some establishments the two ends of 
the rollvr are moulded in loum, over the chill, to secure concentricity of roller and coupling; but 
this can be quite as eafely arrived at by fitting the cars and pins of the boxes well to the chill. 
The chill is the {mportant part in this mould; it ought to be at least three times as heavy as the 
roller which is to be cast in it, and provided with wrought-iron hoops to prevent ite fallin 
to picoes, for it will certainly crack if not made of very strong cast iron. The iron of which a chil 
is cast ig to be strong, fine-grained, and not too grey. Grey iron is too bad a conductor of heat; it 
is liable to melt with tho cast. Iron that makos a good roller will make a good chill. The face of 
the mould is blackened like any other mould, but the bluckening must be stronger than in other 
casos, to resist more the abrasive motion of the fluid metal. The chill is blackened with a thin 
coutiny of very fine blacklead, mixed with the purest kind of clay; this coating is to be very thin, 
or it will wale oft before it is of service. 

The most important point in making chilled rollers is the mode of casting them, and the quality 
of iron uscd. To cast a roller, whether a chilled roller or any other, from above, would cause a 
failure, All rollers must be cast from below. It is not sufficient to conduct the iron in below: 
there is @ particular way in which the boat roller may be cast, for alinost evory kind of iron. In the 
general mode tho gate is conducted to the lower journal of the roller, and its channel continues to 
a certain distance around it. It touches the mould in a tangential direction. In casting fluid metal 
in this gate the metal will ussume a rotary motion around the axis of the roller, or the axis of the 
mould. This motion will carry all the heavy and pure irou towards the periphery, or the face of 
the mould, and the sullage will concentrute in the centre, It is a bad plan to lead the current of 
hot fron upon the chill, for it would burn a hole into it, and melt chill and roller in that place 
together. ‘The gate must be in the lower box, in the sand or the loam mould, The quality of the 
moltet fron modiflos in some measure the form of the gato; stiff or cold iron requires a rapid 
circular motion, while fluid thin iron must | ave less mvution, or it is Hable to adhere to the chill. 
Tho roller must be kept in the mould until perfectly cool, but the cooling may be acoclerated by 
digging up tho sand around the chill. 

any anvils, vicos, and other articles are made of cast iron, mounted with steel ; the welding 
together of steel and cast iron is not dificult if the steel is not too refractory. This process will not 
succeod will with shoar stecl, and hardly with blistered steel, but it is easily performed with cast 
rtecl, by soldering it to cast iron by means of cast-iron filings and borax. The cast-steel plates to 
be welded to the faces of anvils, are generally from a half to five-e:ghths of an inch thick, and as 
wide as the face itself. ‘Phoge are ground or tiled white on one side, and then covered on that sido 
with a counting of calcined borax, The plate, with the borax on it, is heated gently until the borax 
melts, which covers it with a fusible transparent glaze; The plate in this condition is laid quite 
hot in the mould, which latter ia mado of dry and strong sand. The iron is poured in and rises 
from bolow; the ste) plate being the lowest part of the mould, it will have the hottest iron. The 
heat to be ziven to the iron will depend in some measure on the quality of the atcel ; shear stecl 
requires hotter iron than oust steel. Tho cast iron used for these purposes should be strong and 
grey, but not too grey, or the union of the iron and steel is not strong. White cast iron will not 
answer in this case, partly bocausoe the casting would be too weak, but chiefly because the cast iron 
would fly or crack, in hardening the steel. The hardening is done under a considerable heat, with 
an acoces of water falling from an elevation of 10 ft. or mare. 
eae ai almost always made of cast iron, in a few exceptional cases only is wrought iron 
substituted. 

Tho gieatost practical advantage to be derived from the process of chilling, ig in cases where a 
union of several opposite qualities is desired in the same casting. It would be difficult to uver- 
estimate the value of the combination in a pair of chilled rolls, for instance, of an exterior as hard 
and dc ose as hard steel, capable of being turued or cut toa smooth polished surface, with an internal 
core, 80 t aieake of the best soft tough cast iron. 

The chilled portion of the casting 10 of a higher specific gravity and harder than the interior, 
uniform iu texturo, and crystalline. 

Evon where the metal employed in the casting waa originally a white iron, the chilled portion 
is found to be rathor harder, and ite crystalline formation more regular. Such a metal as white 
cast iron shoald vet, however, be employed for chilled castings, as the interior would not be sv 
tough =e waded as it shou ate ere oem . 

Jark grey irons are nut a tt or the purposes castings. No. 1 Se tch pig bein 
partioula: Y unsuitable; when the right quality of iron cannot be obtained, it is beaheral a aaee 

to melt up a suitable proportion of hard white scrap cast iron with the soft dark grey iron, 
which alone would soarcely chill at all. 

Hard, tough, bright grey, or mottled pig, having amall crystals and 8 good uniférm textare, are 
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well.adapted for the purpose, provided do not contain an excess of uncombined carbon; the 
ap ae manganese in the pig iron, or the addition of a little spiegeleison, improves the quality 
8 ings. 

Where the shapo and size of the casting are such that the mass of metal in the interior will 
long retain its heat, much of the effvet of chilling is lost; the greater the proportiun the chilled 
surface beara to the size of the casting, the more effectual the chilling will be. Tho depth to 
which the chill may be formed in oastiays admits of a certtin amount of regulation, but there are 
also circumstances affecting the castings which are at times almost beyond control. 

It is not at all times possible to obtain the right quality of iron; the size and shape of a casting 
cannot always be well adapted for chilling; or the chill-moulds may not be of aufticient depth of 
metal, to conduct away the heat from the molten metal with the nocessary rapidity, to allow it to 
ay without being aguin melted, by the radiation of hoat from tho still molten mvtal in the 

rior, 

Assuming a cylindrical casting of some 8 or 10 in. diameter, a depth of chill of at least 1 in. 
can be obtained, provided the metal omployed is at all fit fur the purpose, and with the iron bost 
suited for chilling a much greater depti can be obtained, with proper care as to the moulds and 
the like. But in the great majority of onscs 1 in, depth of chill is sufficient. 

For castings that will have much surface wear, such as in rolling metal, or crushing minernla, 
allowance should be made in the depth of the chill for the removal of the exterior of the rolls, by 
their paige being turned in the lathe, as their surfaces become worn or injurcd in uso, 

At same time it must be’ remembered, that the greater the depth to which tho ohill is 
carried tho more brittle is the casting. The chief strength of the casting is in its tough, unaltered 
metal beneath the hard chilled purface. 

In considering the atlvisability of the greater or less dephh of chill, therofore, estimate tho 
extent to which the casting may be worn or turned before it becomes necvssary to replace it. 

Avoid chilling to a greater depth than necessary, cspocially in cases where strength 1s roquirod 
in the castings, to re<ist transverse and other strains, 

In casting large chilled rolls, the moulds for tho ends and necks should he of dry sand, or loam, 
p ly built up and connected with the iron chill for tho roll itself. Or the iron chill for the 
ends and necks can be made wuoli thinner and lighter in substanco than that for the centre. 

The mass of metal m the chill largely influences the depth of the chilled portion of a casting ; 
it is neces-ary not only that it should bo sufficient to reduco the temperature, in a fow minutes, of 
the iron on the surface, from the temperature at which it is poured, say 2500° Fahr., to that 
of soliditication, say about 1000°, when it is bright red in daylight, but also that it whould be 
capable of absorbing the heat which will mdiate from the interior of the onsting, 80 us to prevont 
the solidified and chilled surface from being remelted by the radiation of mtornnl heat, 

Moisture in moulds is at all times dangerous, but when these aro made of sund or loam, tho 
danger is lessened to a certain extent, by the porous matorial allowing of the escape of some of the 
pent-up guses and steam generated by the intense heat of the cast metal. 

When, however, chill-moulds are usd, the utmost precaution is roquired to have them 
absolutely dry for use. 

This entire freedom from moisture could scarecly be obtained, still loss preserved, in the warm, 
damp air of a foundry, with perspiring workmen hurrying wbout ; the steam and vapour would at 
once condense on the surface of an iron chill-mould, if it were brought cad into the shop. Con- 
suquently the chill is always hcuted to a considerable extent before pouring, a precaution which it 
is all the more necessary to observe, when the chall is to be us doin conjunction with sand or Joam 
moulds, If this were not done, any dampness left in the sand or loam would probably be driven 
out, and at once condense on the surtace of the chill, if that were not heated to a to mpernturo con- 
siderably higher than that of the surrounding atmosphere, 

The steam and gases which would be formed in wu damp chill-emould, when the metal was 
sured, having no means Of cacape, would acquire tremendous expansive force, and would either 
urst the mould and send the liquid iron spirting about amougst the founders, or ut least, ruin the 

casting and distort the mould. 

It would appear that to heat the noul l would impair ils property of chilling the metal poured 
into it. Yet m practice it is not found to have this effect even when li ated to 250° Fulir. 

It ig even arserted that a superior chill is obtained from a hot mould than from a cold one, 
other things being equal; it must be remembered that with a mould heated even to 250°, there is 
a large margin of difference between that temperature and that of the moltcd iron poured into it, 
and it is supposed that the chill has a greater tendency to conduct away heat from the metul cast 
in it, if the chill be previously heated to about the temperature above named. 

The heat given out hy the cast metil penetrates through the chill with extraordinary rapidity, 
and if the walls of the chill are not sufficiently thick to absorb the greater portion of the heat, con- 
siderable risk is run, that cither the casting and the mould may fuse together in one sold waas, or 
that the effect of chilling may be neutralized, by the heat evolved from the o ntral portion of the 
casting vet being conducted away with snfflcicnt rapidity. It may be assumed that cast iron 
expands alightly at the moment when it pusacs frow tle liquid to the sulid form, such expansion, of 
course, tending to bunt the mould. 

To avoid theve evils, the mass of the chill must be properly proportioned to the aren of the 
portion of the casting which requirce to be chilled, in relation to its entire bulk. Iu the case of 
a casting which lias to be chilled over its entire surface, the weight of the chill-mould should be 
abuut three times that of the casting to be mude from it, presuming the custing not to be of 
exceptionally large diménsions. 

fo vane: however, are the circumstances under which chill-moulds have to be employed, that 


experience is almost the only posible ea 6 for their construction. 
It is desirabi@pot to ig & the chill-mould thicker than ix necessary to enable it to carry off the 
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amount of heat from the casting, from the fact that the thicker it is the more liable it is to crack? 
from the severe strains put ape it by the expansion of its inner portion, when the great and 
sudden heat of the multen meta] first comes upon it. 

This expansion and the subsequent contraction in cooling cannot but be unequal, and the 
larger and thicker the chill-mould, the greater is the risk of a fracture. 

In the prepares of large chills it is always advisable to shrink wrought-iron hoops round 
them whore 6. 

Certain anit have to be decided upon beforehand, and the founder must use his utmost skill 
to attain them in the safost and most economical manner; the utmost that science can do to sasist 
him consists in pointing out what ovils to avoid, or how beat to rectify the damages occasioned by 
want of judgment or scientific knowledge. ; 

In a foundry where many chilled castings from different moulds have to be made, it will 
be apparent that it is to the interest of the founder not to make these chills any larger, or heavier, 
than is absolutely nocessary to effect the desired result ; cost of the metal in the moulds, and the 
amount of ruom roquired for their storage, sufficiently explain this. 

There are several ways of finishing the interior surfaces of the chill-mould before using it for 
casting. 

For fine castings the mould must either be bored or machine planed, after which a coat of rust 
is allowe:l to form upon it; this is obtained either by wetting it for a few days with dilute hydro- 
chloric acid, or with urine. The object of this cont of rust is to prevent the casting from adhering 
to the chil], but no “clay wash” must on any account be applied to the chill, as it would hinder 
ite absorption of heat from the casting, and the rust itself must also be rubbed away for the same 
reason. When the surface of the cigill has been thus prepared, and just previous to the casting, a 
thin, oven coating of blackwash, or blacklead, is applied. If, however, the surface of the chill has 
beon tolerably well oxidized beforehand, this coating may be dispensed with, although, as a rule, 
founders prefer to apply some kind of wash before pouring. 

As the iron which is best adapted for chilled castings docs not flow very stad it is necessary 
that it should be ata high temperature at the moment of pouring, more particularly as it will have 
to part with its heat. so rapidly on entering the mould, that it may solidify im irregular blotches, or 
clots, if it has not a sufficient store of surplus heat to keep the whole of the mass of metal 
in a liquid, or nearly liquid, state wnti the completion of the pouring. 

For the samo reason, the casting arrangements should be such, that the mould may be rapidly 
fillud by « large etream or streams of metal, «o directed, however, as to avoid, as far as possible, 
coming into continued and violent contact with the surfaee of the chill, which would thus soon 
become sutiounly damaged at auch points of contact. The life of a chill-mould depends considerably 
upon the oare with which it ia used; if its surface becomes slightly damaged from the action of the 
molten metal, it may be patched up with a little loam, but wherever such patching occurs, the 
uniformity of the chill on the casting will be destroyed. 

For tine work, or for castings where dimensions must be strictly adhered to, a very slight 
damage to the mould is fatal to it, 

In many cases, however, when the mould is ouly slightly roughened in parta, it can be rebored, 
and made to do duty again. Of course, caro must be taken not to remove a thicker skin of the 
mould than is ncoossery to get a smooth, even surface. 

Jn the choice of the metal used for the chill-moulds, the founder has to consider whethcr he will 
bo guided in hia selection by coonomy or durability, 

f tho mould is likely to be one in great request, ho should choose a hard, dense, close-grained 
pig iron from which to cast it, in fact, as we have before said, a metal very similar to that 
described as most suitable for the chill-castings themselves, 

In other cases, however, not much care necd be exereiwed in. the selection of the metal for the 
chills, except that very dark Scotch iron, which is not at all suttuble fur the chilled castings, is aleo 
not woll adupted for the chill-moulda, 

It in impossible to lay down rules as to the exact dimensions of a chill-mould which is required 
to produce a certain-sized custing., In addition to allowance for the shrinkage of the casting on 
ou0 au the sudden expansion of the mould itself, when the hot metal cnters it, must be taken into 
avoount. 

That part of the mould which first ree ives the flow of the hottest motal, not only expands most 
from having to bear the first sudden merement of heat, but has also to bear the weight due to the 
head of metal afterwards poured in, until the casting has cooled and solidified sufficiently to 
reliove the mould of this preasure, Coneequently, it may be inferred that the actaal dimensions of 
a casting will be that of the interior of the chill-mould, when it has been expanded to the extent 
due tu tho temperature of molten cast iron, when just on the point of solidification, minus the 
amount of subsequent contraction of the casting, during the process of cooling down to the 
temperature of the atmosphere. 

‘he metal being poured into the chill, two actions immediately set in; the skin of the casting 
solidifies, and the metal in the interior commences to part with its heat, contracting away from the 
interior of the mould as it docs a0, The mould, at the ame time abeurbing heat, expands away 
from the oxterior of the casting. The moment when thu distance between the chill and the casting 
has reached its maximun, is, theoretically, the tine when the casting slould be removed trom the 
mould. Experience, and the nature of the work in hand, must guide the mouldcr as to the safest 
time to withdraw his casting ; if he attempts to do it too quickly, he may distort its shape, from its 
being as yet too hot and to bear the atrain; if he leuves it too lung, the chill-mould may have 
commenoed to cantmct round the casting, and thus bind it hurd and fast, besides having spoilt the 
chill surface, as before described. The higher the temperature of the cast iron when poured, the 
greater is the atrain — the chill. 

The contraction of the casting during cooling depends les, perhsps, upon fts absolute bulk 
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than upon its form; and, es might be expected, a chilled oaating contracts somewhat lese in the 
cooling than an ordinary casting. 

The ne elements which govern the amount of expansion in chill-moulds may be briefly 
stated as we >— 

Its internal capacity: the larger the quantity of molten metal it wifl have to contain, the 
greater the strains it will have to bear, from the longer sustained heat, and the greater preasure of 
the head of metal, before it has superficially solidified. 

Its thickness: for large castings it is imperative that the chills should be thick in the walla, 
but with every increase of thickness the risk of cracking the chill is incroascd, owing to the 
sot pg the heated inner portion to expand, being opposed by the rigidity of the outer and 
cooler portion. 

Having withdrawn tho casting fran the mould, it should bo allowed to get uite cold as soon 
as it possibly can by radiation. No artificial oovling, by cold water, of the hke, should bo resorted 
to, aa they are liable to distort or fracture tho casting; and no further increase of hardness can 
be obtained in this manner. 

Chilled cast iron and cast steel, similar as they aro in many rospects, have this important 
difference, that the one, cast iron, cannot be hardened by plunging hot into oold wator, whilst tho 
other, steel, can be hardened in that manner. 

Avoid placing the casting in such an attitude, or in such a locality, as to expoeo it to undue 
strains, or ty currontsy of air, or other circumstances likely to produco distortion or unequal 
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cooling. 

It hee been mentioned that a chill-casting which has been allowod to cool down in the mould 
too slowly, owing to tho chill not being sufficiently massive for its duty, or for other reasons, lowes 
much of ite chilled character, allowing a considerable portion of its contamed carbon to pass into 
its former uncombined state, and the iron, instead of being hard and white, more nearly resembles 
the character of the pig from which it was originally cast. 

Occasionally this quality is made serviceable, where it is conveniont to uso iron moulda, but 
where it is not desired that the resulting casting shall be hard or chilled. In such cases a pig 
iron may be selected which is of a bad chilling nature; or after the casting hua been made in 
ed has ed mould, it may be rendered soft and tuagh by being kept for soveral days at a low red 

ca 

Chills, when out of uso, should be protected from raat by being greased and stacked under 
cover. Before being aguin used, the grease must be thoroughly remeved, as it has a tendency to 
cuuse the casting to solder to the chill. 

We conclude this article with a description of the Amorican plan of making railway wheols, 
fn which chilling in casting is employed to an extent unknown in any other industry. 

The manufacture of chilled cast-iron railway wheels has now become a very important induatr 
in the United States, upon whose railway system of 75,000 miles no other class of wheel is 
employed to any great extent, at least for passenger and freight rolling stock, There are a large 
number of cast-iron wheel works in the country, varying in eapacity of production from 450 down 
to 40 or 50 wheels a day, and such improvements have been iutroduced into the manufacture 
that, whereas sump time since railway accidents arising from broken wheels were oommon, of lato 
years such a mischunce is almost unknown. Qne of the iost important improvoments in the 
process of manufacture, consists in mixing with the pig iron a certain proportion of Bessomer steal, 
crop ends of rails being most conveniently used for this purpose, This mixture, besides improving 
the chilling qualities of the wheel, addw greatly to ite strength, and even allows of the use of 
anthracite in the place of charcoal pig iron. 

At the works of Measrs. A. Whitney and Sona, of Philadelphia, one of tho largest ostablish- 
ments for the mnanufucture of chilled wheels in the United States, the different processes have been 
brought to a high degree of perfection, The following ina brief deseription of the factory, aud the 
manner in which the work is advanced from stage to stage. Of course the foundry is the most 
important portion of the whole works. It is a fino building, 450 ft. long and 50 ft. wide, with two 
lines of rails running down ita whole length, except opposite the furnaces, ‘The rails are laid to a 
guuge of about 10 ft., und upon them are placed twelve light travelling cranes, with a platform 
attached to the centre post, and upon which the man working the crane stands, and controls its 
movements, both in hauling the moulds and ladles, and in moving the crane from place to place 
upon the line, the crane being geared for travelling. The fluor of the foundry is so Inid out that 
there is room on eithor side of both parra of rails for a row of moulds, and in tho centro of the 
building is a path about 4 ft. wide. Ayuinst one side of the building, and in the contre of its 
length, ure five cupolas, three of 4 ft. 6 in. internal diameter, and two sinaller ones of 18 in. in: 
diameter. The former are employed in melting the tran for the wheels, the latter chiefly for 
experimental purposes. The three cupolas are tapped into converging channels, all running into 
one large tipping reservoir, from which the «nall ladles are supplicd. ‘The blast to the cupolas in 
furnished by a vertical blowing engine, with two blowing cylinders, one at the top of the machine 
and one at the bottom, with the steam cylinder between the two, 

The mixing of tho irons for the cupolas, is the most important and difficult operation in the 
whole course of the manufacture. Besides the steel scrap, nothing but charcoul pig iron {fs 
employed, and of this from twelve to twenty different kinda, all of the bighest class, are used in 
varying proportions. But these mixtures have to he altered frequently, owing to irregularities in 
the nagure of the metal, and duily texts are made with a view of ascertaining what changes, if any. 
have to be introduced into the next day's work, The ghgregies of the mixture being decided 
upon, the cu are charged, a tun of oval being first put in the bed of cach furnace. The charge 
is then carefally loaded apon tracks, upon a weighing platform. Viles of the various pies are 
arasretm spon dae pire rr isa drum upon the weighing machine, on 
which a sof paper is placed, sod the weight of each different pig, in proper order, is 
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written upon it, For instance, the workman coimmences with 250 Ib. of coal in bis truck; he 
then places 125 Ib, of old steel rails, 125 Ib. of cinder pig, 350 1b. of old wheels, and ao on through 
the long list of charcoal pig irons employed, the old material bemg placed at the bottom of the 
furnace. The weighing ea is 80 arranged as to record the accumulating weights as the 
dram revolves, bringing before the woikman the name and quantity of each successive ingredient 
which he tukes from its respective heap before him. As soon as it is loaded, the truck is raised tu 
the top of the cupola by an hydraulic lift. The moulds, when ready, are placd down the 
building in four rows, one on each side of the two lines of rail upon which the cranes run. The 
patiorns used arc almost all in iron, and the chills in the moulds are of cast iron. One workman 
can, on an uverage, mould ten wheels a day, but all failures in the casting, urising from any care- 
lowmess in moulding, are charged to him on a rapidly increasing scale. 

This sytem has been found necessary, as tle men are pid by the piece, and if only the price 

id per wlicel were deducted for the spoilt castings, a far higher average of failures would result, 
use the men would earn bigher wages by working faster and more carelessly. 

Before the metal in the cupola is ready to run, a charcoal fire is lighted in the receiver before 
spoken of, in order to warm it, and also that when filled, the metal may be covered with charcoal, 
and oxidation checked. In a similar manncr the ladles, of which there are a very large number 
employed, have burning charcoul placed in them, and they are coated internally in the usual way. 
These ladles are cylindrical pots mado of she:t iron, and mounted each on a pair of wheels for 
facility of transport. On the sides of each ladle are two sockets, into one of which the end of 
a long iron handle ik inserted for hauling it ulong the floor. Alo at cach end of the axle isa 
equare hole, into which is placed the end of a handlo with forked (nds. The ludle being run up to 
the receiver, the latter is tipped over by the gearing attached to it, and the ladle is ehereet ; it is 
thon brought along the flour to the cranc, which takes hold of it, the two square-ended handks 
before mentioned are inserted in the holes in the axles, the ladle is aaised, and the iron is; oured 
into the mould. The chilled portion of the whcel sets almost as soon as it comes into contact with 
the chills, and in a very short time after the casting has been made the flasks are removed, the 
rund knocked away, and the red-hot wheel is placed on a trolly to be taken to the annealing pits. 
This process is one of the moat important of the series. If the wheel be allowed to cool in the open 
air, severe internal stroins are created, which will somctimes be sufficient to destroy the casting, 
on a cooling was the active causo of failure in the early periods of this class of wheol 
making. 

The annealing ovens are placed at one ond of the foundry, and below the floor, the top of the 
ovens ah at that level. Besides theso ovens of very large diameters for extra-sized wheels, 
and chilled tyres, there arc forty-vight pits ranged in six rows of eight each. These rows are 
divided into pairs, each pair of sixteen pits being devoted to the reception of one day’s production, 
the period required for annealing being three duys, By this arrangement, when the last two rows 
of ovons nre charged, the first two rowa can be emptied and refilled, so that the work proceeds 
without interruption, and in regular rotation. Two hydraulic cranes, with the booms revolving 
ei & fixod post, are placed me the floor, and command the whole area occupied by the ovens. 
Tho boon of cach crane ia made double, and upon it runs to and fro a small carriage, from which 
hangs the chain, carrying at the lower end the hooks by which the wheels are handled. This 
attachment consists of three arms, with flattened ends turned over so as to grip the wheel. The 
upper ends of these arms ure hinged together, and us they tend always to fall inward, they hold 
the wheel tightly, but by moving a single attachment the arms are thrown outward when it 
is desired to relense the wheel, Tho motion of the cranes is controllud by one man, fixed stops 
boing provided on the guiding apparatus, so that when the crane is adjusted for filling one oven, 
it remains in that position till it 18 thrown over to the next 

The ovens or annealing pits are cylinders of sheet iron } in. thick, ahout 66 in. in diameter, and 
of sufficient depth to contain, casily, eighteen whouls with cast-iron distance pieces between them. 
They are lined with brickwork, and being of considerable depth, they descend into a lower floor. 
The lower parts aro envlo-ed in « large rectangular chamber, one for each setof ovens. Within this 
chamber, and for a short distance above it, firebrick is used mstead of ordinary brickwork as iu the 
upper portions, and within tho cylinder a circular foundation of brickwork is set, upon which are 

laced the wheels on being lowered by tho crane. The whole of this wright then is transferred 

irect to the foundation of the buildmg. At the end of each of the three rectangular chambers 
alrdudy mentioned is a furnace, and each chamber is divided down the whole of its length by 
a perforated Buc; through these perforations the heat from the furnace passes and enters the lower 
ends of the ovens, These furnaces are required to prevent the too sudden cooling of the castings, 
" but only } ton of onal is burned for cach full day’s production. Flues leading to the clhimmey carry 
off the heated guacs from the upper purt of the ovens, and so the process of ovoling is thus very 
gary carried on, until at the end of three days the wheels aro ready for removal. The three 
arge ee bide mentioned above are somewhat differently arranged. To save room, 
are not carried down ao low as the other ovens, but terminate at a height of about 7 ft. above 
tho floor, oach being ar Sashes upon a central column. When they are used, a fire is lighted in 
pear of ouch pit, the wheels are placed in and covered over, and the ovcn is allowed to cool 

radually. 
J On boing removed from the pit the wheels are taken into the cleaning and testing mom, 
Here the sand is removed, and the wheels tested by hammering undur a sledge, as well as by 
a snall hammer, while the tread is cut at intervals by « chisel, The heavy blows to which tho 
wheel is subjected never fail in detecting faults when such exist, and when they are discovered 
the wheel ia removed to be broken up. About 10 per cent. of the whole production is rejected, 
but cocasionally this proportion is much higher. 

In order to keep the quality of the wheels to the desired standard, a pap, irony san res 
pieces are cast every day and submitted to examination, By thie means an knowledge 
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'of the nature of the wheels, the character of the chill, and other points, is obtained; the 
ata are carefally recorded, and if tests are satisfactory the wheels corresponding to the teat 
ae are delivered into stock, If not, they are returned to be broken up. The sound wheels 

y are taken to the machine arr where they are bored, and if desired fitted with their 
axles. Tho tools, therefore, in thia shop are few in nnmber, consisting of three tla, 
machines, a press for forcing the wheels on or for drawing them off the axles, and a number o 


The capacity of bhp and Co.’s foundry is 250 wheels per day. 

The averige life of a chiiled cast-iron wheel of first clnss quality ia assorted ¢> be 50,000 milea 
for eng i and 100,000 m.des for goods traffic. This is a high average, and probubly muny 
wheels fail hefgre they attain this mileage. Tho common mode of failure is a breaking away 
of the surface of the tread in spots, until large portions of the chill became pitted in shallow 
holes. The exact cause of this failare has not yet been ascertained. In some casea atioh whoecla 
are turned down to a emvoth surface, and again placed in service, 

Malleaste Cast Iron ; Case-hardenmny.—The manufacture of what aro known as “malleable cast- 
ings” consists in obtaining a tough, soft, doxible material, resembling wiought iron, from white 
brittle castings, by what is known as the cementation process, Some means of arriving at the 
game result appear to have been familiar to iron workers in the Middle Agow, as there are numerous 
examples of milleable castings to be found in old buildings, but Samuel Lucas, of Sheftleld, 
appears to have deen the pioncer in modern times of this important branch of the iron trade, Ho 

tained a patent in 1804 “ For a method of separating the impuritios from orudo or cast iron 
without fusing or miIting it, and of rendering the same malleable and proper for several purpow a 
for which forged or rolled iron in now used; and also by the same method of improving articles 
manufactured of cast iron, and thereby rendoring cast or crudy iron applicable to a variety of new 
and useful purposes.” 

A short deactiption of @ho process is thua given in ‘The Repertory of Arta’;--“ The pig or coat 
iron being first made or cast mto the form most convenient for the purpose for which it is mtended, 
is to be put into a steclconverting or other proper furnace, together with a suttable quantity of 
ironstone, iron ore, some of tho metallic oxides, Jime, or sa combination of thee, previously 
reduced to powder, or with any other substance capable of combining with or absorbing the carbon 
of the crude iron. A degree of heat ia to be then applicd, so intense as to effect a union of the 
carbon of the cast iron with the substance made use of, and continued se long a tine aa shall be 
found necessary to make the cast iron cither partially or perfectly nindleable, according to the 
purpose for which it is intended. If the casting is required to be perfectly mallonble, from ono- 
hall to two-thirds of ita weight of the other substances will be found necessary, but a much less 
quantity will suffico if partial malleabrhty only is desised.” 

Towards the close of the process the heat must be very great. Tho duration of the heat, its 
degree, and the a aby of the substances to be employed, depend upon a variety of cireum- 
stances, “ua knowhdge of which,” the patentee remarks, “ean only be obtained by expericnes,” 
For small articles the intensity and dunition of the heat required to produce the malloability aro 
less than for laige castings. Such articles may be arranged in alternate layers with the other 
substances, separated, however, from actual contact by an intervening thin Jayer of sand. 

Malleable cast iron will take a certain amount of polish under the action of emery and ronge, 
but not so good a polish as cast steel. In the lathe it works about as camly as wrought iron, but 
the tool blunts rather more rapidly. Thin pieecs may be bent double whon cold, but seldom can he 
bent back again without breaking, It can be forged toa certain oxtont when at a moderate rod 
heat, but if heated much beyond that, it breake im pieces under the hammer 

Two pieces of malleable cast iron may be burnt together at a temperature appronchimg fusion ; 
or can be brazed to either wronght iron or steel with hard solder. Tf plunged red hot iuto water 
it ia hardened, but to an uncertain and variible extent | Malleable east iron is very soft, deaible, 
and fur from brittle; at will only wold with ditieulty, if at all; its fracture os dull grey, and 
uniform. Spocitic gravity about equal to cast iron, if anything a trifle lows, 

Most authors asy it is decarburization by which cast irou is malleabh ized in this process, but 
Mallet doubts this, nnd remarks that by annonling whity brittle cust iron either im liaomatite, 
chalk, or sand, wo ubtain not so much a chemical change as 6 mouleculur change in its constitucnt 

rtirles. 

= The usce for malleable castings sre duily extending and there is seareely a trade connected 
with domestic or manufacturing appliances which does not largely cinploy this valuable material, 
so superior to ordinary cast irun for most purposes. One of the mo-t important epplioations of 
malleable iron ia for the manufacture of toothe | wheels for machinery, but the process cannot be 
relied on to produce s really tough metal when the castings are very lurge, or have any consider- 
able portions exceeding 2 in. in thickness. ©. rtain qualities of cant iron nay be rend: red stronger 
and tougher by the addition, in the cupola, of a proportion of wrought iron, sto), or mauguucse ; 
this metal is enid to be better adapted for spur-wheels than common cast iron 

The general routine of the process of inaking malluble castings is 98 follows:—The pig iron 
ig melted in and run from clay crucibles into green or dry sand moulda, and where the mt aro 
amall, map flasks are much uad. The castings are removed from the moulds, and eloanad from 
sand by brushing, by shaking in a rattle-barrel, or by similar miang, and are then placed in cant- 
iron seaggers, with alternate layers of powdered red Lamatite ore, or with fine iron scales from the 
rolling mills. The sazgers are then p'aced io the annealing furnace, where they are exposed toa 

ually increasing degree of beat, until a full red heat is attsined, after which they are allowed 
to ool down. The articlos are then removed from the saggers, cleaned from the hematite powdor, 
and so far as rendering them “ malleable” is concerned, the process is comp! ted. 

The pig iron ensployed is almost invariably hemat.te ; for large castings white hematite pig is 
selected, fortymall articles mottled pig. In England, Cumberland iron and irons frum the Barrow 
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and Iron Company's Works are employed; while in America prefer the beste 
beands of cold-blast charcoal mottled irons, Nos. 4 and 5 Baltimore, or 5 and 6 Obi having an 
excellent reputation. 

It is essential that the pig shall be white or mottled, not grey, and it is not uncommon to melt 
up a quantity of scrap, such as wasters, gates, and fins of white iron. 

The clay crucibles in which the irun is melted are frequently made in the foundry; they are 
heated in several ways. In the case of large worka, the gas regenerative furnace is the most 
economical apparatus for melting in the crucibles, with which any desirable temperature can be 
obtained and regulated. 

When the articles to be coast are of greater weight than, say, half a hundredweight, the pig is 
occasionally melted by coke in a smull cupola, with fan-blast. 

But the most usual furm of furnace for ordinary work is the common air-furnacé, with the grate 
and ash-pit below the crucible. 

In making the moulds for small articles in malleable iron, the runners are nearly always 
formed in the parting of the box, and both gates and runners are made as small as ible; 
flat, wide, and thin in cross-section. This is rendered necessary from the rapidity with which the 
soairen rigene ens it to contract, and frequently to break off from the gates very quickly after the 
metal is poured. 

For gmall articles it is not usual to fuce the moulds, as the metal must be poured at such a 
high t-mperature that facing would be useless; the sniall stream of metal, however, is so rapidly 
cooled in its passage through the mould, that it is not indispensable fur the sand to be as infusible 
aa it would be required with Jurger work. 

The amount of contraction appene to be greater with these castings than with soft cast iron ; 
they aro very brittle, and should have a white crystalline fracture. 

for small work parting sand is not used for the buxes, but fine dry powdered clay; the moulds 
aro pinooiesh Conk d in stonll stoves, heated by coke, or the waste heat fram a crucible furnace. This 
operation tukes but a short time. The castings must be raked, or if very small, sifted, out of the 
sand when cool, and must then be cleaned from sand, which can be casily effected, if the articles 
are of a convenient shape, by rolling them over each other in a barr] called a tumbler or rattle- 
barrol; or thoy can be cleaned by hand, or immersed in a bath of dilute sulphuric acid, aft-r which 
they must be washed and dricd, Kunners or fins on the castings huve to be chipped off with the 
edge of a stoel chiacl, as they cannot be filed away. 

Tho aunealing pots are cylinders, preferably of cast iron, about 12in. diameter, by 16 in. high, 
with looge covers dropping in. This size is well adapted for small articles, but for special purposes 
the pots are frequently made of wrought-iron plates, which, however, will not stand the action of 
the annealing furnace more than three or four times, whilst the cast-iron pots will'frequeutly serve 
for twenty annealings, 

The material most frequently used for filling in the pots between the tiers of articles to be 
annealed, is red hematite ore, which 16 ground aud mfted through a mesh ot about an cighth of an 
inch, the powder not being used, or if iron scalcs are employed, care must be exercised to kevp them 
free from dirt. 

A cerlain quantity of freah hematite, or iron ecale, should always be added, to any that has 
before been used, without the latter has been newly ground up. 

A layer of bmmatite, or iron scale, is spread over the bottom of the pot; on this the first row 
of castings are placed, cach article perfeatly isolated and mubedded in the hwomatite, then another 
layer of about balf an inch of the hematite, then another row of castings, and so on until the 
pot is nearly full, when it 1@ covered up nearly flush with hamatite, upon which the cover is placed, 
und the pot is ready for the furnace. 

In arranging the pots in the furnace, those which contain the largest work ahould be placed in 
the hottest part, and the pots should be marked or numbered. as a guide to the furnaceman as to 
the amount and duration of the heat to which they s! ould be subyected. 

Ax before ncntioned, the duration of the operation depends upon the size of the articles, but the 
usual plon is to heat the pots gradually to a bright red, at which temperature they must be kept as 
uniformly as posmble from sixty to eighty, or even ninety hours, after which they are allowid to 
oool down gradually in the farnace for ubout thirty hours; they are then removed, and allowed to 
get quite cold before being emptiod, 

If the castings aro removed from the pots before they are cool, they will not have such a jood 
apperrince as if allowed .to cool in the pots. It is ndvisuble to avoid placing large and small 
articles in the sume pot, as they require to be in the furnace different erica and the large articles 
may toquire to be annealed a second tine if this is done. 

After the castings hove been properly annealed, they are covered with a film of oxide of 
different ooloura, These various colours of the oxide are a aiygu of good malleables. This adherent 
oxide is removed from the castings by another passage through the rattle-barrel, and the process of 
malleable iron making is fnished. 

In every heat or annealing operation, tho acales part with some of their oxidizing qualities, and 
before they are again used they muat be pickled and reoxidized. This 1s done by wetting them 
with a solution of sal-ammoniac aud water, and mixing and drying them until they are thoroughly 
rusted, when they arn: again roady for use, 

Cave-hardoning is a means of superficially hardening castings, and is effected by placing the 
articles that are to be hardencd, after being finished, but not polisted, into an iron box, between 
layers of anima] charcoal, such as hoofs, burns, leathcr, or shins, burned and pulverized, taking 
care that cach article is completely enveloped in the charcoal. When the proocas is conducted on 
a large scale a proper furnace ie used. The materials consist of 90 per cent. of charcoal, the 
remainder being either oarbonate of potash ar of lime. The articles are pecked in this material in the 
usual manner, any parte which it is desired to prevent becoming case-hardened, buirg previvusly 
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“coated with clay. The box is made tight with a lute of equal of alay and sand, placed in the 

aly Page kept at a light red heat for such a time as will pive © required depth of oase-hardening, 

which may vary from half an hour to two hours or longer. The articles are then plunged into 

May but if they are liable to buckle out of shape, they should be carefully put into the water, 
ret. 

To case-harden caat iron quickly, bring to a red heat, then roll it in a mixture of equal parts of 
powdered saltpetre, eul-ammoniac, and prussiuty of potash. ‘Then plunge it mto a bath containing 
4 ounces sal-amimoniac and 2 ounces prussiate of potash to each gallon of water. 

Another plan is to heat the articles, after polibing, to a bright red, rub the surface over with 
prussiate of potash, allow them to cool to dull red, and immerse them iv water. The followin 
mixtures are ulso employed in eome ahopa ;-—(<) 3 puaats of potash to 1 eal-ammoniac ; or (6 
2 sal-ammuoninc, 2 Sonncfeil and 1 prussiate of potash. 

Phe length of time the articles are allowed to remain in the furnace varies according to their 
size and the depth to which the steeling is desirud to ponctrate. It thore are two rotorts they oan 
be charged and drawn alternately. 

Casting Iron on to other Metals.—It ia occasionally desired to unito other metals by means of onst 
iron, or to fix orpamentul castings on to light work, made of wrought iron or steel. 

Buch a process cannot be practised with cast iron upon any of the other useful inctals than 
cast iron, wrought iron, or stecl, as all the other metals, at all commonly uyed, havo melti 
puints so much below that of cast iron, that they would not bear coming in ountuct with liqui 
cast iron. 

Sometimes non-metallic substances, such as grindstones, are held in ahapo by rings or bands of 
iron cast round them. 

When iron is cast upon or around eelid wrought iron or steel, certain changes aro brought about 
upon these metals. The cast iron, whon thua brought into contact with the Son tiafativaly cool 
surtace of the solid wrought iron or steel, will of course be “chilled” at and around all points of 
contact. It will therefore be harder, more brittle, and much less tough in those parts; and this 
alg will di wherever liquid cast iron comes in contact with either sulid cast iron, or wrought 

n, or atecl. 

When wrought iron in employed it is found to undergo a certain amount of deterioration, both in 
toughness and cohesion, becoming of leas value for structural purposes whero those qualitics are 
required. Steel suffers in the same manner, but to a much leas extent. A bor of cast iron, east 
round a core of wrought iron, will be found little, if anything, stronger than a simple bar of cast iron 
of the sume size. Consequently, where the fall strength and toughness of these metals are required, 
casting-on abwuld be avuided, and capecially in any work which will be exposed to sudden shooks 
or varying strains. 

But a very large number of useful and ornamental artictes, requiring little absolute strongth, 
ean be most readily produced by the procces of custing-on, such ag hand-railings, window frames, 
panels, hat and umbrella stands, bedetends, or ornamental gates. 

One well-known application of this process is Moline’s invention for the combination of wrought 
and cust non in the manufacture of window frames. The sash-bars aro formed of wrought iron, 
rolled of any light and convenient action, suited to reocive glass; these bare aru united by 
ornamental cast-iron bosses. 

An iron pattern is first made, from which a sand mould is obtained, tho wrouglt-non bars are 
cut to the required Jengths, and placed in the mould, with their ends nearly touching; over theso 
ends the mould of the boas is placed, whieh must be sulleiently large to cover them, so that when 
cant on, the bosses shall frody umite the wrought-iron bars These windows can be readily made of 
any usual size or shape, and are cumly fixed. They are light iu appearance, and combing the 
strength of wrought iron with the ornamental charactor which can be easily obtained by the addi- 
tion of cast-iron flowers, scrolls, armorial bearings, or other orbuaments, 

For ornamenting wrought-iron railings, two ways of applying cast iron may be mentioned, 
Either the wrought-iron burs may be placed in the moulds, and the ornamouts cast round ther 
ends, or the ornaments may be cast in green-sand moulds, cored out to fit the wrought-iron bars, on 
to which they are afterwards fixed by au alley of zine and lead, Lead alone is to be avoided, as it 
seta up a gulvame action, aud assists the formation of rust. 

If custaron chill noulds arc used for the ornamental castings, the ormamenta will naturally be 
rather brittle; in most cas a this will be found of little consequence, but where it isdesired to avoid 
brittleness, the work can be placed in an auncraling oven, when the cast iron will be made into 
malleable cast iron, without prejudicially affecting the wrought fron, if any ie used in conjunction 
with the cast iron, as is frequently the 

Burning-on is occasiovally practised, for the purpose of ornamenting wrought iron with ; 
volutes, ur twisted forms, Loum ovulds are nade, and when thoroughly dried, are applied t that 

ion of the wrought iron which it is wished to burn on to; cast irou ts then poured throuyh tho 
moulds untal the wrought fron 1 brought to a welding heat; pouring is then ceased, and the caat 
iron, when cooled down, is found firmly affixed to the wrought irun. 

For ornatocutal cast-iron railings which are demgued with comparatively heavy pilasters and 
bars, having the intervals between therm filled in with hyht ornamental work, tho two should not 
be cast at one and the same time, otherwise the light work will be almost certuin to breuk away 
from the heavy, a to the unmqual contraction in couling. The ornawental work should be cast 
first, of fine, soft, flaid iron, and be provided with small fitting pisces or lugs, ut conveniout points 
for fixing to the heavy bars or uprights. 

Coat these lugs on the fine work with clay and blackwash, » it ina sand mould, and cast the 
héavy work round it. By sw doing the iron will nut be Hable tu fracture from unequal cuntraction 
and expansion; but brittionene is anuther danger to apprehend, which shows that very ornamental 
fine work, wich is usually costly, should be avoided in all public thuroughifares. 


830 CEMENT, CONORETE, LIMES, AND MORTAR. 


Burnt -on fe sometimes of service in repairing « broken or damaged casting, but the if 
neither applicable to fine delicate work, nor to cases where the size and shape of the original cast- 
ing must be strictly preserved, as in a cast-iron wheel, which would probably be twisted out 
of shape, by the expansion and subsequent contraction of the metsl, during the operation of 
barning-on. 

But a piece of machine framing, the necks of rolls, or a standard which has been broken or 
found defective, may be repaired as follows :—Firet cut away the arenas down to the sound 
metal, build a coke fire round the part of the casting which is to be repa until it is brought toa 
bright red heat, then dust over the surface of the cut fhetul with powdered glass or borax. Then apply 
a hollow loam mould of the desired part to the casting, properly secured in position, and rovided 
with a hole for the exit of the metal. Pour very hot liquid cast iron into the mould, and allow it to 
flow away, until the cut surface of the original metal of the casting can be felt with an iron bar to 
have become soft and pasty, by contact with the hot liquid iron. Then stop the exit hole, and allow 
the metal in the mould to set. If the operation has been properly performed, the ca-ting should 
ring, when struck, with tho same sound as a single good casting, thus showing that the old and new 
metal are perfectly united. 

Where portions of large castings ae to be removed for this burning-on process, the easiest 
mode of doing it ia, to cut the casting whilst ut a cherry-red heat, with a rapidly revolving circular 
saw, such as ie used for cutting off the crop-ends of rofed rails. 

Onat iron may also be bent to a considerable extent with snfety at a cherry-red heat, which 
quality is cocasionally of service, in remedying variations from the desired shape, arising from con- 
traction in cooling. The bench or surface on which such bending is to be performed+must be 
constructed of non-conducting material, such as baked fireclay, otherwise the iton will part with 
ita heat too suddenly, and break rather than bend. 

Holes ocensionally occur on the surface of a casting, which, although not of sufficient importance 
to make it advianhle to reject and break up the casting, are unsightly. Liquid cast iron may be 
poured into such holes, the superfluous metal being removed by an iron straight-edge. It is usually 

roferred, however, to fill up these cavitics with un alloy having a similar appearance to the cast 
ron, but much more fusible. 
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Limes.—Lime or protoxide of calcium occurs most frequently in combination with carbonic acid, 
as carbonate of lime. Onrbonate of lime is insoluble in pure water, but if the water contain car- 
bonic acid, bicarbonate of lime is formed. This solution can lose by evaporation half its carbonic 
acid, when an insoluble carbonate is formed, this action occurring naturally in the formation of 
atrlactites and stalagmites, and in the formation of cale-sinter in so-called petrifying waters, This 
action may take place when lime is used in certain coments. When carbonate of lime is ignited ut 
a white heat, (he carbonic acid ig disengaged, and protoxide of calcium or caustic lime remains, 
100 parts of carbonate of Jime yielding 56 parts of burnt lime. Barut lime is the common com- 
morcial form. If carbonate of lime be superheated in a closed space it melts, forming a orystul- 
a clinker of an afterwards unaltorable carbonate. In burning, lime undergoes no diminution of 
volunio. 

Tho burning of lime is effected in kilng, in field ovens, aud in lime ovons, descriptions of which 
have been given in this Dictionary. 

The quality of the burnt limo of course depends upon the constitution of the limestone burnt. 
A limestone containing a high percentage of pure carbonate of lime yields a fut lime. Limestone 
of similar constitution to dolomite, containing magnesin, yields a poor lime, which forma only 
a thin pulp with water, 10 per cent. of maguesiu renders the lime appreciably poor, and 30 per 
cont. causes the limo to bo useless. 

Burnt line so casily slakes with water that 100 parts of lime require only 82 parts of water, 
or 8 volumes of lime to 1 volume of wator, the combination attammg a temperature of 150° C. 
Tho result of the slaking ia lime meal or powder hime, a hydrate of protoxide of calcium, which 
excels in volume three times that of the lime slaked. If less water is addcd than is requisite for 
the formation of the hydrate, there results a eand-likhe powder of no technical value. For this 
reason, lime should not be placed in baskets exposed to moisture. For building, the lime is slaked 
with ono-third its weight of water, and an equal quantity of water is added to form a thin pulp, or 
creata of lime. 

Uream of lime mixed with sand forms mortar, which may be either air-setting or hydraulic 
mortar. Limestone containing more than 10 per cent. of silica, when burnt and made into a 
mortar, hardons under water. 

W, Mead converts limo that has been used in the purification of illuminating gaa into caustic 
limo. Tho spent lime is pressed into bricks or blocks by the sume means as are employed for 
forming ordinary bricks. Thoeo bricks aro plaxnd in a convenient kiln, and subjected to increasing 
heat suttoiont to drive off the moisture, ammonia, carbonic acid, and sulphur which the lime has 
absorbed in purifying the gas. 

The diffloulty experienced in reburning ime of this character has arisen from its powdery 
nature, by which the permeating of the mass by the flame is prevented. By pressing the 
lime inte bricks this ditticulty is avoided. The hme is taken ag delivered from the purifying 
boxes, and is pressed. Fire is now started in the firc-box, and the bricks are burned in the same 
manner as olay bricka. The length of time necossary to drive off the moisture, ammonia, carbonic 
acid, ond sulphar deponis eamewhat upon the size of the kiln and the intensity of the heat. 

Thé bricks will uk in size as they lose carbone acid, sulphur, and the like, and from sach 
shrinkage it can be ascertained when the burning is finished; from 20 to 36 hours are sufficient. 
By thie the lime may be used an indefinite number of times, as by each burning itis 
eon into caustic lime, only requiring slaking to convert it into the hydrate and fit it for the 
purifyiug boxes again, or for othor purposes for which caustic lime is used. 
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D. Michel manufactures hydraulic limes and cements by subjecting the raw materials to a 
special treatment with acids. 

Instead of keeping the beat of the kiln in which the materials are calcined within certain limits, 
it is raised so as to over-burn the products. The first lime, which ia tu excess, is extracted, aud the 
nodules then subjected, as well as the under-burnt remainder, to the action of a bath of dilute 
hydrochloric acid. The proportion of acid will of course vary with the amount of lime contained 
in the under-burnt portion and nodulos, but it should not excoad on an average 3 or 4 per cent. 
The proportion should, in all cases, be determined with accuracy by a preliminary test and a 
previous analysis of the raw materials. The nodules and underburnt portion are allowed to 
efferveace in the acid baths until quite cool, and are then dried m a furnaco until fit for grinding in 
the ordinary manuer. 

Hydraulic cements and limes may therefore be over-burnt without injury, the under-burnt 
portion and noduies, which in the ordinary preoess of manutacture are wasted and cause consider- 
able loss, utilized for the manufacture of hydraulic limes and comonts of first quality. 

Mortar.—BSlaked lime exposed to the atmosphere absorbs carboni¢ acid, eae ig cracks, and 
when perfectly dry is of the hardness of marble. On aorount of tho shrinkago it is nooossary, in 
order to form mortar, to add sand or some similar material. Angular or aharp aand makes a tena- 
cious mortar, whilst round-grained sand yields a brittle mortar, Tho proportion of sund to lime 
depends upon the nature of both materials, 

The drying out of the watr from mortar is not the only cause of hardening, as may be readily 
learned by drying mortar by artificial heat. The actting has been accounted for by supposing the 
formation of neutral carbonate of lime, which docs not convert to ordinary carbonate. Bat this 
theury does not agree with the results of analysis, as 20 to 70 per cont. of carbonic acid has been 
found in mortars, No theory covering the ground fully has yet been advanced, 

Mortar formed with hydraulic lime is termed hydranhe mortar; hydraulic lime is 8 mixturo of 
carbonate of hime with silica or a silicate, gon rally silicate of alumina. During burning, hydraulic 
lime undergoes a change similar to that whieh occurs when a silicate insoluble in acid is precipi- 
tuted, while applying heat, by an alkaline carbonate, Hydrauho mortars aro compoecd with a 
thin pulp of line, to which aand is added, or by mixing sir-setting mortar with coment. 

lu some experiments carricd out at Bangnlore, India, by E. Nicholson, the bricks, although of 
goud quality, were often unable to bear a strain sufficient to rupture the mortar, Wath 17 to 22 Th, 
& aqTUTO aan the bricks showed a tenJdeucy to peel. Inthe course of the experiments, it was found that 
the adhesive strength of the beat coment was invariably greater to stone than to bricks, in tho average 
por of 1'7tol, In using mortars consisting of send and fat lime, in the proportions of 1 shell 

ime paste, 2 sand, the best results were alkaied when the bnicks were sonkcd for a fow seconds 
only, In mortars of fet lime and soorkeo, or pounded brick, the adhesive strength decreases with 
an addition of suorkee beyond 1 part, but dinanishes still more rapidly when diluted with sand, 
while for tensile strength the proportion of soorkeo 1s ununportant, the cement bomg as strong with 
sand as without. The best soorkee cement for masonry is made with 1 of soorkco to 1 of lime paste 
or an cquivalent quantity of sluked lime; ufter twenty-eight days’ immersion it is of greater strength 
than the best hake and withstands a disruptive foree of GOlb a square inch. When rapil setting 
is un object, the proportion of goorkce may be inereased to 2 parts, but with some loss of xtrongth, 
For evonomy the former eoment may be diluted with 14 of sand; and with rubble masonry, 2 of 
soorkee may be used with Toot lime paste, and the coment dilated with 24 of sand. 

Cement.—Cement, or artificial hydraniio mortar, can be prepared trom ordinary lime by adding 
silica. There oxist natural cements prepared from tuff-stone, or troas, a tertiary earth, having for 
a cared Italian pozzolano and santorn are the chief of these coments, but the use ia very 

imited. 

The hardening or setting of hydraulic mortara has been atudied by Biel eminent chemists, but 
the hypotheses advanced ure un-atisfaetory. Porthund cement is considered, by Winkler and Feieh- 
tinger, to harden from the chemical actlon, effected with the aid of water, under which the silieates 
separate ute free dime and into combinations between the mlica and the calcium, the alumi and 
tie caloium, the separated lime combining with the carbone acid to form earbonnte of Time. In 
Portland cen nt the mhiere acid can be represented by alumina and oxule of ron. Winkler con- 
cludes that in all hydrauhe mortars the hardening depends upon the chemical combioation 
between the hme and the silica, as wl as between lime and the silicates contamed m the cement, 
and these views are undoubtedly correct, although not definitely proved. 

Fuchs, of Munich, explaina by the following theory the reactions occurring in the manufac. 
ture of cement as practised in Germany. ‘The carbonate of lime becomes cvustie on burmiug, and 
acts upon the clay in auch a manner that the siliere nod is net free by means of the caustic Hime, 
and combines with the lime upon subsequent treatment with water, producing a hydro-stieate, the 
presence of alkalies by their substitution through beat favouring the reaction. Cement is stated b 
other German authorities to owe tts quality of hurdening to the presence of silicates and slumi- 
nates of lime formed by the action of heat. 

Portland Cement.—There are at present two different methods of manufacturing it. Arcordin 
to the wet method commonly practired in England, the chalk and clay arc first washed in was 
mills with hurrow tines, and are mixed with abvut five times thor weight of water. ‘They ure thus 
thoroughly disin ted, and the mixture flows ont of the wash mills as a liquid of abuut the con- 
sistency of milk. The next process of manufacture is the separation of the water which has thus 
been mixed with the chalk and clay, in order that the slip or slurry, as the mixture is termed, may 
be sufficiently dricd for burning in kilns. The liquid is therefure run into rem rvoire, or bac 
in which the chalk and clay gradually subside, and the water above is removed by dramage an 
by evaporation. This process orcupies from six to twelve wor ks. 

ing to the wecthod, as practised in Germany, the chalk and clay are cach ground 
separatelyahaving been first artificially dried to facilitate the grinding. They are then mixed, and 
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dl ecrberagliap erin, Hoary stg into bricks or lumpe by the aid of just sufficient water to bind it. 
The bricks are then burnt in kilns with or without being previously dried. ‘ 

A to Goreham’s process the chalk and oey or eee ae ee el ae 
emall quantity of water only, say from one-fifth to one-third of the total weight. The product 
resulting from this operation is not a liquid, but a mud with coarse particles of undisintegrated 
ohalk and clay interspersed throughout if. This mud is then passed through a Be of millstones, 
such as are used for grinding cement after it comes from the kilns, and thoroughly comminuted and 
mized. It is then immediately transferred to the drying stoves or chambers, without being poured 
into the reservoirs or backs, and the dried slip is burnt in kilns. A portion of the fuel fur burning 
the cement may be mixed with the chalk and clay, and in such case the fuel is added to the other 
materials in the wash mill. 

By this process the time, space, and expense is avoided, involved in driving off the excessive 
quantity of water with which the chalk and clay are mixcd according to the wet way of manufac- 
ture, by effecting the perfect disintegration and mixing of the materials with a small quantity of 
water only, and obtaining a product which can at once be dried by artificial means without the aid 
of drainage or evaporation in backs. The expense incurred in the dry process is avoided by drying 
and grinding the chalk and clay separately, and in afterwards mixing them with water, and fiuer 
comminution and more uniform admixture can be obtained. 

The chemical analysis of Portland cement gives about 80 per cent. of carbonate of lime, the 
remaining 20 per cent. being composed of silica, iron, and alumina. In practice these proportions 
are bag aed attained by a mixture of limestoue and clay, of about 4 of chalk to 1 of clay, according 
to fri aaa each matcrial used is found to contain. Thcse are mixed in what are known as 
wash m 

The wash mill, Fig. 810, is a circular pan about 18 ft. diameter and 4 ft. deep, usually built of 
brick, with a brick bottum, sunk into the ground and puddled on the outside. On one side of the 
pan is an opening, or in some cass an overflow; in the case of an opening this is covered with 
perforated zinc or wire gauze, forming a sicve, so as to allow of nothing passing but the chalk and 
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clay which aro held in eolution. In the centre of the pan is a revolving vertical shaft, to which is 
bolted « framowork carrying the harrowa; those have their tinea fixed at different distances from 
the centre, care being taken to arrange them so that no two shall immediately follow each other 
fin their course, or in other words, be the same distance from the centre. The fines are usually made 
of wrought iron, about i in. aquare, and thoir distance apart must vary according to the size of the 
chalk to bo washed, chalk in large picees of course requiring the tines to be placed farther apat 
than when emall refuse chalk ia used. The centre shaft, being driven at about 18 revolutions a 
minute, by meana of bevel wheols fixed on the top, and conneeted to the engme by a driving strap, 
takes tho harrows round, and thus mixes or washes the chalk and mud. Some manufacturers 
fer to have the gearing arranged underneath, in arder to allow of a perfectly open space over 
he pan; but in that arrangement the difficulty of gutting at it for oiling, and the quantity of dirt 
which works into the bearings, quite obviate any advantage gained by a clear apace above, as the 
overhead gearing, if properly arranged, need in no way interfere with tho workmen. Outside the 
ie the well A, inte which the washed olay and chalk run through the sieve B. If two or more 
wash milla are used, it ic advisable to connect them all fo one well, so that one pump may lift all 
the alurry from the different mills up to the trough C, leading to the backs. One of the difficulties 
attending this part of the manufacture of Portland cement is the continued choking of the tag Chey 
elevator is therefore used. It is sas succession of buckets fixed upon a continuous : 
revolving round an upper and a lower drum, as at E E; the buckete dip into the well A as they 
come to the lower daa and take up the slurry, which, as they turn over at the top drum, is 
thrown into the leading trough ©. The size and number of tho buclssts depend on the quantity of 
slarry to be lifted an hour. 
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The process of washing or mixing is‘simple; the chalk and . measured by the barrow load, 
tipped into the pan af the point D Fig. B16, aud tho water is Gamltted at the point Fin the 
Libs ghar of about 2 of water to 1 of chalk and clay. The tines in their revolution throw the 

k and clay about, and thereby thoroughly mix and disintegmte them ; and being thus held in 
solation, the material passea through the sieve or over the overflow, as the case may be, into the 
well A, in the furm of slurry, which is then lifted by the elevator or pump to the leading trough C, 
and thence to the back. 

The backs are reservoirs usually mado large enough to contain about 600 oub. yds. of slurry; 
thos, as 2 cub. yds. of slurry yield about 1 yd. of finiahed cament, and a back will take from siz to 
eight weeks to settle, it is easy to determine the number required, tho depth being about 4 ft. and 
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the sides built sloping, as in Figs. 811 and 812. It is advisable to have as much back room as pos- 
sible, in proportion to the rest of the works, as, although the mills may be worked day and night, 
the slurry can ovly setlle by gradual subsidence ; and pushing a back, that is, Hea the slurry on 
the drying floor too wet, necessitates a greater amount of fucl to dry it, and thus a joss. Whon a 
back 1s filled it is allowed to settle, the chalk and clay sinking to the bottom. The wator is then 
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drawn off by means of the sluice at A, and the back is refilled, the water being again drawn off when 
it is settled, and so on until the back is fall; the slurry is then dug out, and laid on the drying 
The drying floor, Figs. 813 and 814, ts formed of fireclay tiles on iron plates, with an arran 
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to the chimney shaft A. in most cement manufactories the drying floor is constructed with coking 
ovens underneath, mo thet, walle drying ee Sry, ome & used in the kilns is manufactured ; | 
but a simple is preferable. With that arrangement the cheapest fuel oan be used, les 
care ia required in stoking, and the loss from bad coke is avoided; the cost of construction is oon- 
siderably reduced; besides which, the needed to s coking oven are considerable, as against 
almost none in the other case. It is advisable to construct the floor of such a size as to dry suffi- 
cient alurry for one day’s work, so as to svoid loss of labour and fuel; it should be covered with a 
light roof supported on columns, the sides being left open to allow the moisture evaporated from the 
wot slurry to escape, but at the same time protecting the floor from the weather. The slurry, as 
it is brought from the backs, is laid on the drying-floor in a layer about 5 in. thick, which i Bas 
evaporation of thé’ moisture becomes reduced to about 4 in. when dried; it is then ready to be 
loaded into the kilns to be burnt. 
The kilna are circular in plan, and usually of about the furm Fig. 815; but the shape varies con- 
siderably in difforent districts. The principal requirements are that they should have a good 
draught, and that their inner surface should be so formed that the clinker as burnt shall fall to the 
bottom evenly and without clinging to the sides; for when the clinker hangs, its weight necessarily 
brings down some of the inner casing of the kiln, and the kilns, under the most favourable circum- 
stances, form oue of the most expensive items in a Portland cement manufactory, costing as much 
as from 30 to 40) per cent. a year of their first cost to keepthem in repair. Perhaps the most econo- 
mica! size of kiln to adupt is one largo enough to burn from 20 to 30 tons of finished cement. For 
# 20-ton, kiln s capacity of about 70 cub. yds. is requisite, though many manufacturers, by what 1s 
called topping, that 1, adding fresh coke and dried slurry as the clinker sinks, burn 30 tons in a 
kiln of that size. Asa kiln takes one day to loud, one day to burn, one day to coul, and one day 
to unload, tho number of kilns required tor four days’ work, 1s four times the number required for 
one day’s burning; but as repairs ale always neceasary, it is well to provide a sufficient number 
of kilns to do from four and a half to five days’ work. The kilns are charged through the loading 
holes at the points DB, Fig. 815, with alternate layers of coke and dried slurry, in the proportion of 
one of coke to two of dried slurry ; and when properly burnt the kiln 1s opened and allowed to cool, 
and as the clinker is drawn it is taken to the cruslier to be broken into picoes about 1 in cube, 
reparatory to being passed Bahai the millstones. Tho kiln is drawn by knocking out the fire- 
ara, and tle charge talling into the ash pit is taken out aud curried to the crusher. 





Various moans of breaking the clinker are adopted, fiom the rough and somewhat expens 
way of breaking it by hand with a hammer, to the caaal elaborate sone Seeaking machine 1 With, 
out going to the expense of such a machine, bat yet improving on the former method, a par of 
crushing rollera, as shown at RR, Fig 16, may be adopted with economy. The rollers, made of 
cast iron with chilled faoca, aro formed with grooves along ther entre length, and are placed 
at such a distance a as to break the clinker to the requisite size. A hopper is placed over 
them, leading the clinker betwoen the rollers, which, by revolving in opposite directions, crush 
it as it falla between ; the clinker is then led by an inclined plune into a trough, to be lifted by the 
elevator E into tho hopper H, supply! the millstones. ‘Ihe elevator is on the same pnnciple as 
that for lifting the slurry ; but tho ots are considerably heavier and stronger, and ahould be 
meiosis atee) a oe sie Nbr resye = ir are of the broken clinker. 

opper H, Fig. e t@ millstones, should be made with the sides 1 to 
sufficiently ateep angle to sito of the clinker falling easily to the bottom and into the ae 
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¢roaugh T. This trough, which is made to shake by means of a cam C fixed on the contre shaft of 
babes: allows the clinker to fall gently in between the atones, and the shaking prevents the 
eli from blocking the lower mouth of the hopper. 

The millatunes, generally from 4 ft. to 4 ft. 6 in. diameter, have an outer casing of iron. The 
clinker falling into the centre of the tup stone is taken in between the stones, and is graduall 
ground, and led to the outer edge by grooves, such as are usually cut in millstones; it thence 
into the outer iron casing, from which a x be 8 lads it to any ovunvenient place whore it can be 
collected in barrows, and Juid on the warehouse floor. 

It is found convenient to drive the millstones, orusher, and clinker elevator by one engine, 
driving the mill shaft by means of friction or toothed wheels direct from the maiu shaft M of the 
enginy, this is placed under the heree floor, which should be about 6 ft. above the warehouse 
floor. By this arrangement any number of stones may be driven, by connevting them to the 
shaft by bevel wheels; the bearings are all covered up, and the dust from the cement is kept 
from them. A good inclination oun be given to the apout &, leading from the millatones, thus 
enabling the ground cement to clear them easily. The elevator and crusher may bo driven from the 
mill shaft or from the main shaft of the engine as found most ounvenient. Kach milletone requires 
from 8 t 10 horse-puwer to drive it; the power to drive the elevator and crusher must of course depend 
on the amount of work which they have to do, but it may be allowed that for a four-stone quill about 
40 horse-power will be required to drive the stones, cluvator, and crasher. It is prefers by Faija, 
whonever possible, to drive the wash mills and slurry elevator by separate powor from the rest of the 
machinery, Lbocause, besides the advisability of sometimes placing them at some distance from the 
mill and warchougse, it is always well to bo able to continue filling the backs, evon when the rest of 
the worka are temporurily stopped. The power required to drive a waxh mill of the conatruction 
shown in Fig. 810, with its elevator, would be from & to 10 horse-power, and it would wash from 
80 to 90 tons of slurry a day. 

As the wash null is where tho ingredients ultimately formed into cement are firat incorporated, it 
is of tho greatest importance that the proper proportions of chalk and clay should be used, and it is 
therefore imperative that frequent trials should bo mado of tho alurry as it loaves the wash inill, 
so as to ensure the backs being filled with a uniform quality. ‘The chalk and clay should aleo bo 
occasionally analysed, in order to correct any variations that may occur in either. 

The drying process being mercly an intermediate stage, assisting in abstracting the moisturo 
from tho slurry, does not call for particular attention; but the kilns need careful manipulation, 
Care must be taken that the kiln is burnt evenly throughout, and when unloading, the clinkers 
should be carefully sorted, and all yellow or softly burnt pieces returned to be placed on the top of 
the next kiln and reburnt; and only that chnuker which I perfectly burnt should be passed to tho 
crusher to be prepared for grinding. 

Having passed through the millstones, the ground cemont is laid out on the warchonse floor anil 
allowed to cool, being ocecasionally turned over. This mixes the different days’ work and given 
unifurmity tu the cement produced, and also allows any particles of lune atill anslaked to alake by 
exposure to the air. The cement should be left in this way for a considerable time befure being 

cked, and it will then have become thoroughly cooled, and there will be but Httle fear of its 
slowing when used; curiously cnough it will alxo have inercased iu weight and bulk, #o that it is 
to the advantage of the manufacturcr to follow this course, though tho great demand for coment, 
the space it occupies, and other trade reasons, offen prevent this plan aed carricd out, 

The quality uf Portland cement is usually determined by its colour and ite weight, in combina. 
tion with tts fineness ; besides which it is required to withstand a certain tensile strain when made 
into a briquette, or small testing block, and to show no signs of cither expansion or contraction in 
actting. Though at present couriderable diversity of opinion exists as to whut the teste for fineness 
and tenaile strength should he, still, when it is remembered that the cement should be of one untform 
good quality, capable of being puuged with two or three or even more tines its bulk of sand for 
uae, ani that when the waght and fineness are in puch proportions ag to give a gol carryin 
capacity for sund, the tensile strength is assured, it becomes posible to arrange such teste as wil 
meet most req uiremetts, 

In colour Portland cement should be of a dull bluish grey, and should have a clean, sharp, 
ulmost fluury feel in the hand; @ course, gritty feel denotes coarse grinding, and the finer a cement 
is ground the more itapproaches to an iinpalpable powder. It should weigh from 112 Ib. to 118 Jb, 
a striked bushel, and should be so fine that 60 per cent. will pass through a sieve of 2500 meshen to 
the square ineh; when moulded into a briquette and placed in water fur seven deys, it should be 
capable of ressting a teprile strain of from 300 Jb. to 400 Ib. u square inch, and should, during the 
process of sctting, show mw ither expansion nor contraction, 

A light cement, one weighing from 100 Ib. to 108 1b. a bushel, is invariably a weak one, though 
it may be of requisite fineness; at the same time a heavy cement, if coarsely ground, is also wee 
and will have no carrying capacity for wand. Ae the more the clinker mw burnt the harder and 
heavier it tx comes, and therctore the more diffeult to grind in the mnillstones, the heavy ements 
ure slmost invariably coarse ones, and as an under burut cement from its softness will ound 
fine enough, but will be deficient in weight, it will be seen that the weight, unless taken in 
conjunction with the flar-ness, is no test as to the quality of the cement. It will therefore be 
found advisable to adopt « medium weight such as alrcady mentioned, naincly, from 112 1b, ty 118 Ib, 
a stnked bushel. 

Expansion, which is due to the cement being too hot, is met with most frequently in very 
heavy cements, from their containing in their original crude form a large proportion of lime, 
which does not get thoroughly removed in the process of burning in the kilns; small particles 
consequently remain unslaked, which slike when the cement is guuged with the water for use, 
and these eventually blow in the work, causing a general expansion. An under-burnt cement, or 
one that ingised too svon after it has left the and before it bas had time to cool, will show the 
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same defect, The most simple test for detecting expausion in a cement, is to make small pats with 
a trowel, about 3 or 4 in. square, and place them in water when set sufficiently, where they should 
remain a few Paper If the cement be they will show no alteration in form, but any cracké 
showing on the edges, or other deviations from the original shape of the pats, indicate that the 
coment tis of this expansive nature, and therefore not to be trusted. But because a cement will not 
stand this test, it is nut in all cases to be condemned ss useless, as ite e ae a or blowing 
property may be attributable to ite being used too soon after leaving the mill; @ proper process 
oe: placing it in a thin layer on a dry floor for @ short time before using it, will correct 
the de 

; Contraction, due to tho cement buing over-clayed, may be detected by & similar test to that 
lor expansion. 

J. B, White and A. Glover have effected improvements ia the manufacture of Portland cement, 
relating to the drying and burning of the wet slip or slurry frum which the cement is produced. 

For ti is purpose kilns of smaller dimensions than is usual are empl »yed, covered at the top with 
an arched dome, through which is an opening for charging the matcrials into the kiln, and also 
other openings for allowing the heated gases from the kiin to pass into a flue or drying chamber on 
the ground level. The chamber may be divided by a horizontal partition of tilcs, on to the top 
of which slip or slurry, containing, say, about 40 per cent. of water. as prepared by the Goreham 
prooeas, can be pumped. A further quantity of the slip or slurry is also pumped on to the top of the 
chamber, whit consists of iron plates. 

The heated gases aa they come from the kiln are caused to pass along the chamber on the 
under side of the horizontal partition, and at the end of the chumber to nee up to the top of the 
clamber aud pass back above the partitiun and are afterwards led away by side op nings to a flue 
leading to a chimuoy. By this construction of kiln and drying flue the heat of tho gases cvolved 
in the burning of a charge in the kiln is utilized, and wathout using more than the minimum 
quantity of fuel neconsary fur the proper culeination of the Portland cement, the heat given off 18 
more than sufficient to dry the quantity of slurry a uired for the next charge and burning off of the 
kiln, ‘The sizo of the kiln, about 11 ft. deop und 10 {t. diameter ut top, allows of its being charged 
or loaded trom the lowimg eye or opening at the top, instead of, us 1s usually the case, requiring 
men to descend into the kiln to joad it The advantage of this ia absence of clay, which enables 
a much lar ater quantity of cement to a got out of this size kiln weekly than is usual. The burnt 
comont is drawn off from tho bottom of the kiln. 

Instead of the drymg flue being divided by a horizontal partition, it may be formed without 
this partition, and slip or alurry be pumped on to the top only of the flue; in this case, verticul 
lesa are used to cause the gusos to Lravel to the end of the fue, along oue of its sides, and then 

k on the opposite side. 

uo Figs. 817 and 818, A A aro the kilns arranged in two paralle] rows, with a flue B between 
them, leading tu a chimney O; one row oat of the kilns is shown, the other row is ranged in the 
game way on the opposite side of the flue. L) D are the drying flucs, one for cach kiln. The flues 


are similar in their construction to flues used fur drying slurry. ‘Che gases from the kiln enter the 
B17. 
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five through openings E, and pase along under the horizontal floor F, which divides the fiue hori- 

xontally, and at the end of the flue they rise up and paxs back over the top of the slurry, which 1s 

on the floor F, and descend by flues B' to the main flue B, entering the chimney at a temperature 

of about 200° and carrying with them the steam ev:lved in drying the slurry. The tops of the 

fluce D are covered wi tes G, upon which slurry can aleo be pumped. Each kiln is charged 
pus cis a antec the taps closed whilst the kiln is being fi Each kiln is circular in 

bi chamber of about 10 ft. diameter at St ae ae 
the eating pn e H, of about 11 ft. The top of the kiln fs covered by a semicircular dome, 

the closed top of the drymg flue. Z 
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‘When a charge has been burnt in one of the kilns, it is withdrawn at the bottom into a tannel 
"I, through which it.can be conveyed away. 
S sguesir, cower qadegres oer hVicgarte-— yeaa rg elrwcird flues arranged in this manner, 
it is to throw in the dried stuff that has to be burnt wi ee 
, and to avoid the necessity of men entering the kiln and stirring it by hand, requisite 
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the larger and decper kilna ordinarily employed to avoid breakage, and also of tho kilns boing rapid! 
charged and drawn. The kilns bung built close together with an opening si for charging an 
one for drawing, neither the kiln nor the chamber with which it is connuctad evar get reall 
cold. This peculiarity, joined to the underground construction, which provents all leakage an 
abeorbs the wholu of the burnt products, permits the kiln to be chargod and drawn twioo in each 
week, and consequently to ln weokly as large a quantity of clinker aw is usually obtained in that 

ce of time from a kiln of double the cubic capacity. A considerable djminution in wear aud tear 
of the kiln fs also obtained consequent on its not beng allowed to cool down, and to undergo the 
alternate contraction and expansion which results from auch cooling. 

W.8. Akerman manufactures an hydraulic cement from lump and ground bluo Has limo. Shales 
and limestones are carefully selected with a view to their oontaiming in the aggregute, altor preliminary 
calomation, the proportions of limo, alumina, and silica usually employed im the manutacture of 
Portland cement, and such shales and limestones as do not vary widely from such proportions are pre- 
ferred. The limestones and shales are then burnt, cithor separately or together, ip ordinary lime- 
kilna to the inferior limit of calcination, and the burnt product ground betweon ordinary millstones 
to a fine powder, care being taken that the burnt products are thoroughly mixed, either before or 
during the grinding operation. Tho powder produced is allowed to absorb as much water as it 
will, no mixing while in a wet state being necessary, and after the hydration in completed, it 
immediately commonces to set, and in a very few days bocomes perfectly bard and dry without the 
aid of artificial heat, The product is again burnt, this time to the supertor limit of calcination, and 
ground, and is then fit for use as hydraulic cement, In tho matter of plant, no wash mills or mortar 
milla, hot plates or drying sheds, or reservoirs are required. 

R. O. White and J B. White have reduced consderably the oost of manufacture of Portland 
cement. Chalk and clay in the natural state are taken, and withont water, an intimate adimix- 
ture obtained, by placing them together in a hopper, from which they pass to a sorics of pairs 
of crushing rollers. The materials as they leave the hopper have first to pass through a pur 
or Lee of fluted crushing rullers, to other pairs of plain rollers placed closer and closer together, 
an ne at incrcased surface spouds. By this means the materials ars reduced to a thin 
sheet, the chalk to a thoruughly disintegrated state, and mixed with the clay. After the materiuls 
have thus becn crushed and mixed together by meuns of rollers, sot aro moulded into bricks 
to be burnt in any ordivary manner, no fur] ry 2 mixed up with the maturials of which the 
cement is composed. A convenient arrangement is as follows;—At the top of the machino is 
a per into which is fid chalk and clay, m proper proportions, and in the raw state in 
which they are obtained. The msterials descend from the hopper to a pair of horizontal rollera 
fluted longitudinally. These rollers are about 12 in, in diameter at the pomt of the flutes, and 
are adjusted to work at 13 in. apart from centre to centre, and to make about 10) revolutions a 
minute. From these rollers the materials descend to s second pair of fluted rollers of about 
the samo diameter, placed closer together, say, about 11) in. from centre to contre, and makin 
about 24 revolutions a minute. From these, the materials drop to a pair of smooth rollers, abou 
1 ft Sin. in diametor, 4, in. apart, and making 39 revolutions a minute; from those aguin to 
another pair of rollers plied still closor together, say about Ls 1 ft. 9 in. in diameter, 
and driven at about 58 revolutions per minute. Alli these ru are 3 ft.long. From the last 
rollers the materials drop to anvther pair placed still closer, say about 4, in. apart, 2 ft. 8 in. in 
diameter, and driven at still ter surface speed, or 88 revolutions per minute; they are also set 
at right angles to the other pillerss end ase eT ee 
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these rollers from the rollers above them becomes dou arnered taperber ane Binns 
mixed. A very perfect mixing of the materiale may be obtained even last pair of rollers 
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are placed in a line with the other rollers, and not af right angles tothem. A scraper, is by meana 
of a weight or spring, held up to the under side of each of the several rollers to prevent the material 

carried round with them, and at the ends of the spaces between the several pairs.of rollers 
there are end plates which prevent the material from escaping, and compel it to pass downwards 
between the rollers. The several rollera are geared er by toothed wheels at their enda, a0 that 
they shalt revolve er at the required speeds, and are driven by a belt wheel on the axis of 
one of the rollers. The lowest pair of rollers are driven by a separate belt and belt wheel, or ordi- 
nary . Tho materials having thus been mixed together in the machine, are afterwards 
moulded into bricks or blocks to be burnt. For this p the materials are fed by rollers into a 
box, across the bottom of which a series of moulds, formed in a revolving table, are caused to paas in 
succession; the moulds are filled as a below the filling box, and are emptied after ing 
beyond the box. All that is required is that the machine should perform ite work quickly, no 
perfect moulding of the bricks being required; they should be of about the same size, and hold 
together sufficiently to allow of their being stucked in a kiln. 

By this process of making cement the ordinary addition of water to the materials is entirely 
dispensed with, and consequently the tedious and costly processes of draining and driving off the 
water, which has been so added, are dune away with. 

The bricks or blocks as they come from the moulding machinery are, without the intervention of 
any drying stove process, at once placed in the chambers of a Hoffman’s kiln. 

7, Hysit takes Portland cement, and mixes with it sulphur, either in the form of flowers of 
sulphur, or as combined with iron as iron pyrites, which imparts to the hydraulic cement a tourh- 
noss or power of cohesion when subjocted to the combincd action of fire and water. 

The sulphur is mixed with the hydraulic cement after the usual manufacturing process is com- 
es or incorporated previous to calcination, but it is found more convenient in practice, when using 

owors of sulphur to make the addition after the cement is manufactured. If the sulphur is 
employed in tho form of pyrites, it is immaterial at what stage of the manufacture it is added. 

The sulphur is in the proportion of about 1 part by weight of the sulphur to 10 or 12 parts 
by weight of the other dry matorials. 

Cement Water-yripes.—To manufacture water-pipes from cement, as practised in Germany, equal 
quantitics of coment and of hydraulic sand are mixed with the necessary amount of water, and this 
mixture is poured inte the pipe moulds, the sand being previously washed and well mixed with the 
lime. The interior of the mould is rubbed smooth with dry graphite powder and a linen rag, an 
operation requning about twenty minntes’ lubour for each mould. The core is then inserted, tho 
cement poured in fiom the mixing mill, and preased down with a wooden rammer. Fora 4 in. pipe 
34 fe. length, Leb. ft or 58 Ib. of lime and 1 eb. ft. or 100 lb. of washed sand are used. After the mould 
has boon filled, its scrowa are tightened, to ensure that the cement 1s equally compressed throughout. 
The extorior of the pipe is octagonal. The pipes requiro two to three days to set, but the core may 
be withdrawn after twolve hours. When set, tbe exterior mould is removed, and the pipes are con- 
veyed to the drying room. ‘These pipes are cemented to each other by placing the ends together, 
and surrounding them with a leather mould, into which more lime mixture ix poured. With water 
motor power, these pipes can be very economically constructed, at about one-tenth of the cust of cast- 
fron pipes, But they can HS be employed in a non-shitting soil ‘ 

roncrete,— J. Day and W. Lampar! mix concrete by the following method. Tho mixing takes 
place in a box made in four pieces exactly similar, which when bolted together form a box like a 
orosa; this box is ontirely open at one ond, and is contracted to a round hole at the other. The 
opon ond has a circular cover, which is capable of sliding on the shaft. The mixing box 18 supported 
at one ond by a shaft attached ton framework ot its open end, and working in a bearing on the 
inner framo. The other end works on a scrics of rollers carmed by the inner frame, and taking 
two-thirds of the oiroumference of tho miaor, giving it an easy, smooth action. 

Ono of tho trunnions carrying the inner frame is driven at ono end, and at the other end has a 
bevel pinion, which gives motion to a bevel wheel on the mixer, causing the mixer to rotate, The 
other trunnion ix fixed at one end to the inner frame, and at the other end is connected to a winch 
handlo, so that by turning the winch handle the mixer is inclined to any desired extent. A water 
tank 12 supported on the mner framing, and has a perforated iron pipe passing from the tank 
through about two-thirds of the length of the box, and there is a valve in the tank for the purpose of 
admitting water at any dosred rate to the box. A hopper is also carried on the inner frame, and is 
of a shape to allow the mixer to be fed with material cither direct a: from a bopper suspended 
from a small davit crane. 

When working the machine the material ts plaood on a stago or platform, measured or weighal 
in the proper proportions, agg if the machine be used without the top or swinging hopper, the 
material is ebovelled direct into the under hopper whilst the machine revolves. The water is 
admitted at will, and the machine is allowed to revolve sufficiently long to mix the concrete accord- 
jing to the quality doemred. ‘The mixing box, as the mixing progreesea, may algo be rocked or oscil- 
lated on the trannions, to ensuro the perfect mixing of the materials. When mixed, the shding 
door is opened, and the winch handle turned until the mixture is inclined sufficiently to discharge 
the contents of the box; then the door is closed, the mixer is placed level, and recharged. The 
whole operation is performed whilst the mixer is in motion, therefore saving time. The conorcte is 
turned completely over four times in one revolution of the mixer, and by the oscillating motion it 
is agitated atill more in the opposite direction. 

n Figs. 819 and 820, A is the mixer or box, the form of the crosa section of this box ia shown by 
the dotted linea; B is a diso secured to one end of the box, and resting on rolkrs C. D is the 
movable door, capable of being moved to and fro along the ahaft E, which 1s secured to the box by 
cross jieoes FG is the inner frame, which carries the pearing of this shaft, and a curved frame 
H, upon whieh are mounted the friction rollers C. IT are the trunnions, upon which the frame 
G can swing, and which are supported by the outer frame K. One of the trannions is made fast to 
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que aves frame, and has upon it a toothed wheel into which genre a pinion turned by a crank 
le. On the axis of the pinion w also a ratchet wheel, which can be looked by « pawl, 
and by this means the inner e can be scat at any anvle N 1s a bevel wheel around the 
exterior of the box, and gearmg with a pimon O on a apindle P, which pasaes through the other 
trunnion, and carnes belt wheels for a driving atrap ‘The box or mixcr can be revolved oon- 
tinuously, without mterforing with ite being 
tilted to any deared angle to discharge its 
contents, or with its being rocked continu- 
“soe on its trunnions whilst the mixing 
is taking place. A lever handle ts used for 
shifting the end door 1D to and fro along 
the shatt E. 8 1s a hopper, and T a water 
tank, both carned by the inner framo G 
The hopper & dchvers all matermls thrown 
into it, into the box or mixcr through the 
circular opening at the centre of the end 
duc B= The movable hopper can thus be 
swung out of the way of the fixed hopper 
whenever dered, in the direction shown 
by the dotted Ime T” Ws 4 pipe lending 
from tho tank to the interior of the mixer 
A isa valve and kever to control the ad- 
mission of wakr from the tank to the 





mixer 

J 8 Wethered, Now York employs a cee ae 
process by which a concrete mixture, Come 
posed ae or partially of furnace slag, limestone, or other calearc ous maternal and asphalt, is 

repar 

re cxecllcnt ¢ merote 1s said to be made of $0 parts of furnace sla or limestone Crushed or grat t- 
lated, and 20 parts of asphalt tempered with mincral ol | ‘The proportion of the oil to the asphalt 
will depend upon the mehness of the latter, but in genetal should be from 8 to 10 poreent In order 
that the furnace slaz, linestone or other calcareous matter, and asphalt may combine completely, and 
the asphalt be absorled to the fullest extent practicable, it as ncecasuy to heat the cale irc ous matter 
toa high dagrc after it hag been crushed cr granulated, and before it is mixcd with the heated 
asphalte (‘Th degree of heat should boo more thin chongh to mercy clack tho drying cf the 
material It st ould be suffeicnt, not only to dive off all the morstare and carbone acd which 
the maternal contams but to open the pores, and so expand the maternal as to cuable the heated 
Asphalt to readily perme ate the substance, and bec me thoroughly ancorp rate! with at) | But the 
de xtee of heat must be within that sufia: nt to calaine Tugcstone Tor licating the caleareous 
matter, an oven or furnace fr rmating ores may be cinployed 

After the cal ar ous mat mal has been heated at is while in ats highly heated: state, mixed 
with the heated asphalt and other vigredicnts A horvontal cylinder of arco mounted in bearings, 
and mide tor volve around a shaft with radially proj ting arms for mixing the masa tarnishes 
asimple and ¢fcctive apparatus for the purpose, and it is advantage ous to apply heat tothe revolvin,s 
eylinder while the proccss of nuxing the material is going on Phe concrete, #o proparcd sain 
& proper condition to be spr ad asa side-walk pavement, and r Sed sm oth 

For paving read beds ats necessary that prepared conercte matermd shonld be ce ndenaed 
under heavy presaurc, while in a mould, into the form of blocks ‘Ulus operstion should be pare 
formed while the conercte as atill hot, as the bloek i rendere) more homogeneous and the particles 
composing if more thoroughly compacted Wren, however the block ina highly heated cc ndidon oy 
exp Hed trom the mould by the discharging plunger of the compraging miehineg, i often lappa 
that it will crumble, and to avon! this tine must be allowed for the inaas to become at before itis 
removed = Jhis delay interferes with the ceonomy of the manufacture, and i avoided by subyccting 
the heated block, after at has been moulled and qanpre wad tothe chilling effect of Fane r 
apphed to its surface This treatment is best performe tat the instant that the block rer ised out 
of the mould, oras soon as posable afterit hasbeen deposited apon the cndless apron or auvevor Cr 
removing it from tho machine = The ¢flectof this chilling process to herden the exterior surface 
of the moulded block so that it will preserve its forin and integrity during euhbw quent handbag 

These compreveed blocks are not only avaiable for paving road be Is, but p ssens utihty as an 
erbiical mute rial for the construction of submarine or cxposed sor walls, or for other budding: pur- 
poses, Expcriments have shown that compreased blocks of this charicter can be ugcd for the walls 
of fortifications with grat advantage in Comparison with natural stone 

T & Bale has propowd to lessen the danger of aa tees roulways to horses by rolling in it broken 
granite, or boulders, or very hard fired clay, to make rowdways and tranwiys with blocks ab nt 
6 in square, of clay aud ite compounds pressed and fired cxtremely hurd, and usd alte rats ly with 
asphalt, cement, and wood, cork, or undiarubber 

For ornamental work, a foundation 1s made in the usual way with ashes and conrse asph lt, upon 
which a finer coating tw laid an inch or morc thick, which serves the purpow of a ground to throw 
up the othr colours Upon this is put a frame or mould of thin mctal or woud for the pattern, and 
akter being filled with enough of the required colour, it is lifted off, and the oolour 1 found inlead 
Another pisn 1s for more elaborate patterns, which are inlaid upon cement or asphalt slabs of 
convenient size, and then fixed in place on the walk or building When cemcnt 1s used the supcr- 


fluous part 1s cleaned off at proper time to leave the colours clear 
Bale forms rink and other fluors with plaster of Pans mixed with lime, alum, and white copperas 


to a paste, and made smooth and allowed to set. 
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T. Hyde manufactures blocks and slabs from Portland cement, mixed with stone chippings, 

by being allowed to remain for long periods soaking in water. Portland and other stones 

are imitated ue admixture of Keene cement with Portland cement. This mixture can be 

moulded by hydraulic pressure upon metal cores, for useful and ornamental purposes in building. 

Hyatt also combines fireclays with Portland cement in the construction of floors and roofs. White 

clay of Hatiower, or other infasorial siliceous material is combined with Portland or other binding 

cement in moulded forms, and in making floors or roofs is fastened to the surface of solid wood by 
mushroom-headed naila. 

A.C. Ponton applies sulphur to the production of an artificial stone from sand, loam, clay, 
gravel, with or without the addition of Portland cement, 

The i ada aro calculated by the amount of the interstices which the finer materials fill when 
mechanically mixed with the coarser. Moulds are filled with the materials, using compression, 
either by ramming, tamping, or rolling. The moulds are preferably porous, and are constructed of 
plaster of Paris, wood, papier maché, or cemeut. If it is wished to mdurate rapidly, the filled 
moulds are packed inside an air-tight receiver, and the receiver and contents heated up to about 
240° Fahr., thus removing the water contained in the material. The reosiver is then submerged 
in molten sulphur. 

When the materials have become saturated with sulphur the receiver is withdrawn, and the 
superfuous sulphur allowed to drain into the tank containing the molten sulphur. Where speed 
of induration iy not required, the filled moulds are merely soaked in molten sulphur, and withdrawn 
from the tank containing the sulphur when sufficient saturation of sulphur is obtained. 

In those cases where steam under bere is available, it is preferable to steam jacket the tank 
for the supply of heat. A float and index is used to ascertain when the articles are saturated 
with sulphur, the float assuming a stato of rest when the saturation is completed. 

In those structura! cases whore it is neorssary to resist the action of tire, Portland cement, or 
loam or clay, are used to bind the particles togethor. 

The Strength of Cement and Conorete.—As the rosult of experiment as to the breaking weight of 
Portland coment weighing 112 Ib. to the bushel, gauged neat, and also with different proportions 
of ‘Thames, clean pit, and loamy sanda, 'I’. Grant, in a paper read befure the Institute C.E., gives the 
following. When gauged neat the cement bore i— 


Ib. aaq in Ib. aq tn, 
lwook ..  .. «so o 445°0 | Gmonths .. .. .. « = 978°7 
1 month Ge. ae ie oe TDD 9 , ce ee we ee” 9959 
Bmouths .... . « 8779 |! we fo 10757 


Thus in three months tho cement boro about double the strain it did at the end of a week, and 
at the end of twelve months, 241°70 per cont. The following are the breaking weights of the same 
coment mixod with clean, sharp, Thames sand, in proportions varying from 1 to 1, to 1 to 5 

Wheu mixed with an equal proportion of sund, the breaking weights are at ,— 

Pircent of the strength 


Ib of neat Cement, 
wok  .. .. 6k ee ee) 97°70 = 21°8 
Tmonth .. .. .. .. .. §809°8 = 44°5 
Smovths .. .. .. «2 «. «=867°0 = 41°8 
6 y? oe ee oe ee 516°8 = 55°9 
9 ,, sar Yee SP. ews COTS = 61°3 

12. —=C«, ie. 700°3 = 65°] 


Whon mixed with twice the proportion of sand, tho breaking weights are at ;— 
Por cent of the atrengtl 


Ib of neat Cement. 
lwook .. ..  . .) ©6825 = 11°80 
Imonth .. ..) .. ww) we) 198°5 = 18°16 
Smonthea ..  .. oe we ee) BSA > 29°00 
8, a rrr | Oe | = 43°46 
9 , a ee er eee ee, 1) ry = 43°88 
12.—C««, yi) a ee ee | a. BES = 42°62 


Whon mixed in the proportion of 1 of coment to 3 of sand, the breaking weights are ut ,-- 
Pir cent of the strength 


lb of neat Cement, 
LDwoek oo... wk uk ewe TO = 6°07 
Tmonth .. 1... ww) BRO = 8°53 
Smonths .. .. .. «. oe) 190°5 = 15°43 
6 , te ee Av Sen ek SR = 23°74 
12 Yn oe ae ee ee oe 820°6 = 29°90 


When mixed in the proportion of 1 of cement to 4 of sand, the breaking weights are at ;— 


Ib. th 
lmonth .. .. .. « «« 828°5 | 6months.. .. .. .. . 157°0 
Smontha ..  .. ce oe se 1090 V2 vs ee a ec 221°6 


When mixed in the proportion of 1 of coment to 5 of sand, the breaking weights are at ;— 


th Ib. 
Imonth ... 1. ce one ee) EO | Gmonths.. ..  .. .« « 95°5 
Smonths .. .. .. ». oo 88°59 ) ar ei. Sy ee. - Be. Dk... 
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With similar ions of clean pit sand taken from “the oxcavations, the stren sees 
Seee, much greater than in the oases bed, where Thames sand was used. It w be peroei 
that the strength rapidly gains in proportion upon that of the neat cement. Thus, in the cane, 
that which was only 21-8 per cent. at the end of a woek, and 45:5 per cent, at the end of a month, 
at the end of the year has increased to 65°1 per cent. of the strength of neat cement. With clean 
it sand tho corresponding testa of 1 to 1 show that the gain is much greater, increasing from 
"2 per cent. at the end of a week, to 74°0 per cent. at the end ofa year. Again, if the breaking 
weights at twelve months, for the proportious of cement to sand of 1 to 2, 1 to 3, and 1 to 4, are 
multiplied by 2, 8, and 4 respectively, on the average it will be found that the normal srongtl of 
the neat coment (1075-7 Ib.) is, as nearly as possible, diluted in proportion to the quantity of aan 
the average numbers being 1066°1 lb., 1108°4 Ib., and 1044°8 Ib. This, however, does not hal 
good with the proportion of 5 of sand to 1 of coment, oxcopt whore the sand is purest; the strength 
at the end of twelve months, multiplied as before by 5, beg 611°5 for Thames sand, 1078 for clean 
pit sand, and 831 for loamy pit sand, against 1075°7, the normal strength of the noat cement, 
foregoing experiments, extending only to twelve months, atill left sone intereating points 
u ; as, for instance, the age at which cement, whether neat or mixed with sand, ceases to 
increase in strength; the age at which the several compounds of coment and sand approach 
nearest to the normal strength of neat cement, or, in other words, obtain their maximun strength; 
aleo, the most economical proportiun of cement and sand, with an assumed minimum strength, 
The last point has been approximately ascertained, as it has been shown that with sand in tho 
proportion of 2, 3, and 4 to 1 of cement, the sand mmply cots as a diluting agent; but with sand iu 
the proportion of 5 to 1 of oement, any imperfection in the sand materinily affeota the atrength of 
the compound. It ia only with clean pit sand that the full strength of the cement 18 obtained ; the 
strength, 215-6, multiplied by 5, wives 1078 Lb. against 1075°7 Ib., the strength of tho neat comont, 
ith the view of ascertaining, if possible, the age at which coment mixed nont and with sand 
attains its yroatest strength, another series of experiments was commenced. Tho ocment in this 
case woighed 123 Ib per unpertal bushel. The brouking weights of the neat cement are at:— 


ib \ Ib 
Lweek 4, ce se oe we NT MPmonths .. .. 6. oe = LQINS 
Imonth ..  .. ww ee ee) 88 12 We cess a ee. Sa Cee. DRZOT 
3 munths oo ew wee) 1055°9 Zyears .. ww ue ewe) RED 
Ow we ee ce ee ee TE Boje ek. ae wet. Ca ew, DONE 


The samo cement when nixed with an equal proportion of Thames sand broko at the following 


weights ;— 
Der cont of neat 


Ih Cement, 
Iwek ,. : é. GE ae BASS = 40°78 
Imonth .... » ee oe |= 48°35 = 48°35 
3 monthe we » oe we RT = 51 85 
Gy a : o oe hl ee)|=640°8 ~ 54-42 
9 ,, e e we ho we)|=— 924 = 56°77 
12 gs cw soe) oe)|«6T18 GG = fi8°27 
2Zyeurs 2. ow ww we TH 8 - 50°65 
Bon be. ae. Sa eee. (aa 4 59°70 


Tho proportionate strongth of cement and sand thus inercasca between three months und twelve 
months, at the rate of 2 per cont: every three months, but in the course of the secund yeur only 
1°88 percent per annum. In the third year there 1m no inercase 

With cement gauged neat and kept for panods varying from seven days to twelva months, 
first, in water, sceondly, out of water, in-loors, and thirdly, out of watcr, exposed to the action of 
the weather, at the end of twelve months the results are respectively as 1099, 827 4, and 719 6; 
that is, the cement which was kept out of water, in-doors, attained only 75°29 per cent of the 
strength of that which was kept in water, while that which was out of water, and exposed out of 
dvors, aequired only 65 48 per cent There are considerable variations in the apparent strength 
at different ages, bat the averages nay be taken as 100, 80°64, and 76 8. Cement allowed to set 
under water seems, from these experimenta, to gain strength from 2¢ per cent to 30 per cont, 

As to the relative strength of cement ganged with fresh water and with salt water, at various 
ages, from a week to five monthe, the difference, one? not very materia), is in favour of sslt 
water, Therefore in the case of barbours, dorks, and picra, where the water ie either aalt or 
brackish, there need be no hesitation in using salt water, either in making Portland cement concrete 
or in building. The best Roman cement is very inferior to Portland, especially when mixed with 
sand. 

As to the strength of Keenc’s coment and Panan cement, in water and out of water, for poriods 

ing from seven days to three months: at three months the strength of Keone’s cement in water 
is 508° Ib.; out of water, 720°5 Ib ; or 41 per cent. more; Panan cement in water, 521 Ib. ; 
out of water, 853°7 Ib. ; or 64 per cent wore. 

With Modina cement at various periods, from seven days to two years, the increase is from 
211 Ib. at seven days, to 476-9 Ib. in twelve montha, and 276 lb. in two years. There is a great 
falling off in the second year. 

These three cementa have only been used for internal architectaral , 

The following table gives the number of tons required to crush bricks made of Portland cement 
peat, and with five different proportions of sand at three, six, and at nine months,at which different 
aparece, Vecchi aaa bricks was 65 tons, 92 tons, and 102 tons respectively, or 
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more than that of Staffordshire blue bricks. Bricks made of a mixture of sand with cement, in the® 
proportions of 4 to 1 and 5 to 1, staud a pressure equal to tho best stock bricks. 


Compression or Portitaxp Ceuent Bricks. 
Bize 9 x 4°25 x 2°75 = 105°18 cubic in.; arca exposed to Pressure 9 x 4°25 = 38°25 aq. in. 





Average — 
in Tons when my reer 


Description of Bricks. Specimen first 
showed signs of | SPecimen finally 
giving 






cata ea ahi CN th SIO OO Ot OF RNS ee RR LE ETC eT Atte ONT cae? | SNe AD 










Neat Portland Cement .. ..0 .. 0 2. eee 42°00 64°81 
1 Portland Cement tol PitSand ..  ..  ..  .. 29°24 42°53 
ig eg ego et 25°50 84:22 
2 O° nis ee oe. 19°99 24°52 
: Mee ES ta oe, os 20°62 29°73 
: Boo on 7 10°29 16°37 
ee 8 Mouths.) 

Neat Portland Cement... ..) .. «swe ss 58°35 92°01 
1 Portland Cement tol Sand... .. 3... 82 82 59°89 
: aes ae 24°80 47:00 
: a | 19°42 36°81 
re ft 40-18 80-68 
Be Sh. Sa. sah | Angi 26:29 

(Mado 6 Months.) | 
Neat Portland Cement .... .. , 87°00 102°19 
1 Portland Coment to 1 Pit Sand .. 3 .. 0 .. 64°40 77°88 
99 2 ” oe - oe ais 5113 62:28 
‘a ee” Se ed 83 25 40-87 
Ps t ‘i ao ab : 25 3S 37°71 
19°40 28°66 









5g . 
(Made 9 Mouths ) 








During eix years tho averago strongth of 1,869,210 bushels of Portland cement used in the 
Southern Main Diainnge Works was 606°8 Ib.,, bang 52 per cent, above the standard first specified, 
and 21 per cent, above that subsequently adopted. The average waht a bushel was 114°15 Ib., 
boing 4°15 per cent. above the specified standard, Portland cement has been proved to be peeu- 
sae ruituble for hydraulic works, und may be procurcd im any quantity, and of the hightst quality. 
Portland coment, 1f 16 be preserved from moisture, does not, hke Roman cement, lose its strength by 
being kopt in casks or sucks, but rather improves by age, a great advantage in the case of cement 
which haw to be exported. The longer it is in setting, the moro its strength iereases. Neat 
cemont is suonger than any admixture of 1¢ with sand Oement mixed with an equal quantity of 
wind, may be said to be, at the end of the ycar, approximately thiee-fourthe of the strength of 
noat coment, Mixed with 2 parts of sund it is half the strength of neat cement. With 
8 parts of sand the strongth is a third of neat coment. With 4 parts of sand the strength is a 
fourth of neat coment. Wath & parts of aund the strongth is about a sixth of ncat cement. The 
dleaner and sharper the sand, the gecater the strength. Very strong Portland cement is heavy, of a 
bluc-grey colour, and sets ating & Quick-setting cement has generally too large a proportion of clay 
in ite composition, a brownish in colour, and turns out weak, if not useless. The stiffer the coment 
mortar, that 1g, the less the amount of water used im working it up, the better. It is of the greatest 
importance that the bricks or stone with which Portland cement 18 used should be thoroughly 
soaked with water, If under water in 5 quioscont state, the cement will be stronger than out of 
water, Experiment has shown that coment kept in water was one-third stronger than that kept 
out. Blocks of niokwork or concrete made with Portland cement, it kept under water till rc quired 
for use, would be much atronger than if kept dry. Salt water 1a as safe for mixing with Portland 
cement as fresh watm. Bricks wade with neat Portland cement arv as atreng at from six months 
to nine monthe os the best quality of Statfordshire blue bricks, or similar blocks of Bramley 
Fall stone or Yorkshire landings. Bricks made of 4 or 5 parts of sand to 1 part of Portland 
coment will bear a pressure equal tu the best picked stocks. Portland cement concrete, made in 
the proportions of 1 of cement to 8 of ballast, m sume cases, and of ] to 6 in others, has been exten- 
sively used for the foundations of river walls, pic ra of reservoirs, and foundations generally, with the 
most perfect auoovss; and it might be much more extensively uscd as a substitute for brickwork or 
ruaeonry wherever skilled labour, stone, or bricks are scarce, and foundations are wanted at the 
least expenditure of time or ge fe 

Wherever oonerete ia used under water, care muat bo taken that the water is still; as otherwise 
a current, whether natural or caused by pumping, will carry away the cement and leave only the 
clean ballast Roman coment, though about two-thinis the cost of Portland, is only about one-third 
its strongth, and is therefore double the cost, measured by strength. Roman cement is very ill 
adapted for mixing with sand. 

hilst Portland oament is the best that can be used by the engineer, it should not be ased by 
anyone who is not tee to take the trouble or incur the trifling expense of teating it; because 
if manufactured with improper proportions of ite constituents, or improperly burnt, it may do 
more mischiet than the poorost lime. L 
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Quawrrrizs used in making Brickwork Blocks, in Compo composed of Portland Cement and River 
gre pr a et eek being Sf oe = loubic yard. Fubruary, 1868 Number 
of Bricks in eac : 















No. 2 Block. 
No. 1 Block, No. 8 Block. 
Gault Bricks with Frogs, | Gault tee Cut, Rand Stocks, 
Moteriale. Average, 8°15 x 4°1 cnéee Sis, 9-08 Average Sina, 9°08 
X 2°75 = 93°6562. 414 KM 8°78 == 108°8, % 4°31 C270 =e 108° 1573. 
. bas cub ft. | bush. cub, ft. bush. cub fi 
Coment weighing 12 1b.\) 3.615 | 4-c4o6 | 8-20 | 42187 | S-2y | 4-2187 


Band wwe we | GIS | Seoto8 | 8-29 etna? | a9 | 42187 
Bricks oe oo ee oe 17°090 21 92386 VW “OR 24 *O78G 18:2 28> 47380 
Totals 


oe | 24°3920 | 31-2048 24°56 =, 315160 | 24°87 319154 











The following tablo shows two series of experiments aa to the quantitics of Portland coment, 
gund, and water used in making one cubic yard of compo, or cement mortar. 


Fiasr Seurms. | Szcoxp Sraizs. 
PC. Rand. Buahels Buahela 
Cement ..00 66 ee ee zt | Cement ..0 0. 0. 0.) 8 
Sand a Ooi |) | Sand far. Jane ee. Je ‘DS 
Ito J 24g | 26 
56 Gallons of Water. | 48 Gallons of Water. 
Camont os ue oes i | Cement... woe OBE 
Sand ik. ea eee, ee OR Sand ce ta tae 17 
1 tw @ 2ty 254 
44 Gallons of Water. 36 Gallons of Water. 
Caiment —. a (Ytmont oo... . 6 
Sued oe oe FU Sund ae ee oe 1s} 
46 Gallons of Water. 254 Gallons of Water 
Cement... 004. we OE Comment ww. eS 
Sand wer. Rete” cue: « . aed Sand up Seg, eg. OU 
It 4 on) a. 
47 Gallons of Water. | $8 Gallons of Water. 
Cement . 4... 4} Cement... ., 6 we 4 
Band... we RDG Band og we ne we RUB 
we ow H — 
1 ty 5 25) t 213 


51 Gallons of Water. 34 Gallons of Water. 


An arule the atrength of Portland coment inercases with ite apecifle gravity. 

In the discussion on this paper, Ro Rawhnaon remarked tht theres was one application of 
Portland o ment uot generally kuown, ite uae, When of good quality, undcr water, by the aid of a 
diver. He had used if to make a joint between iron and iron, under a 90-ft. head of water, with 
perfect success, to keep out a quicksand. He had orcasion to sink a well where thore was a quick- 
sand at the depth of 90 ft., overlaid by a thick bed of marl, and uoderlaid by new red sandstone 
rock, The ordinary iron cement, of iron borings and sal-ammoniac, would not set, but washed out. 
He sent down pure, stiffly-made Portland cement in buckets ; this was put in place by divers, and 
net perfectly, and remained for thre or four years, though exposed to a severo strain by tho constart 
pumping. All the mortar used at the Liverpool Docks was was with seo sand, aud mixed with 
salt water. 

G. F, White stated that the engineers of the Ponts et Chaussées, in 1850, had propoerd and 
applied numerous tests, which had not been muterially varied to the prosent day, and which, for 

¢ sake of comparison with the Board of Works tosts, might be given as follows ;— 
fie weight, 1200 kilogramrmoes 8 metre cube, or 103 1b, an imperial bushel. 
ensile stram, tried on bricks with the sumo sectional arva as employed by the Board of Works, 
viz. 2°25 square rnches ; 
Neat cement.. .. .. 2days G64 kilogrammes, or 140 Ib, a brick. 
mt 5 , 128 ‘i 280 o 
- 3D 4, 240 ey 530 ” 
remy o « 5 5 & ve 140 a 
2 paris oo hoe DO Og, «1288 4 280 ee 
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The Board of Works teste were of a threefold character. The cement must be of « given specific” 
weight. «When a it must have a certain resistance to tensile strain. It must beat 
immersich in water, without sign of cracking. The tensile strain, at first fixed at 400 lb, had 
been raised to 500 Ib., and the specific weight, fixed originally at 1101b., had been raised to 112 1b. 
abushel, It was to this test of 112 Ib. a el, which indicated a very heavily burnt cement, that 
White desired to direct some attention, as Frise, al sd on the manufacturers, without, as he 
believed, conferring any coronene benefit on the engineer. The way in which it affected the 
manufacturers was as follows ;—The leas the concentration given to the cement by burning, the 
greater was the volume of cement that could be obtained from a given ques of raw material. If 
a certain quantity of chalk and clay, calcined to the specific gravity of 104 lb. a bushel, produced 
214 bushels of cement to the ton, the same quantity of raw material, bnrnt to weigh 112 lb. a 
bushel, would produce only 20 bushels to the ton, and occasion the manufacturer a loas in volume 
of 7} per cont. Cement of so high a specific gravity as 112 Ib, involved a much larger consump- 
tion of the fuel employed in burning it, an item which, under the most favourable sciienaee 
counted for nearly one-third of the prime cost of the cement, The destruction of kilns, and of the 
terpenes ha in grinding the cement, was enormously increased by the intensity of the heat 
require! to produce it, aud by the hardness of the material to be ground. The quantity of this 
highly calcined and heavy cement, that could be produced in any one kiln, bore only a certain 

rtion to a residuc, which was not sufficiently burnt to produce cement weighing 112 lb., but 
which could be employed advantagoously in the manufacture of cement that was intended to set 
more quickly, and to weigh only 104 Ib. a bushel. Looking at the question as it affected 
engincers, this heavily burnt coment was a dangerous cement to nse. It was well known to 
manufacturers that to be able to push the calcination far cnough to produce a cement of a uniform 
gravity of 112 Ib., it was ncocdful to combine more lime with the clay than was required for lighter 
urnt cement; and that, in so doing, thero was the risk that a perfect amalgamation of the lime 
and clay would not be offected; but some of the lime, being left in a free state, would be liable to 
be slaked by water, or evon by the moisture of the atmosphere, and produce, sooncr or later, disin- 
tegration. © next consideration was the slowness of the sctting of this heavily burnt cement. 
It would not set in running water. Portland cement of English manufacture had been successfully 
oper for ooncrote en masse, in constructing underwater foundations. It was quite intelligible 
that, thuugh the ceroont of 112 lb. would set too slowly for this purpose, a lighter burnt cement 
would effect the desired object. To loso sight of this, and to insist that all coment, whatever its 
dostined use, should bo thus conecntrated in burning, would bo simply to deprive it of one of its 
moat valuable propertics—that of setting rapidly under water. Another inconvenience to which 
thin heavily burnt cement Fe the engineer, was the almost certainty that it would not be 
properly ground. Theoretically, the cemeut should be an impalpable iia and every grain of 
sand @ matrix, round which the cement should form a film, or coating; but this could scarcely be 
the case with a material which it was so difficult toreduce to powder. On the contrary, if carelully 
scrutinized by passing it through a sieve or by washing it, aconsiderable residue of particles resemblin 
sand would be found, comparatively inert in their character, with very feeble sctting properties, an 
of a naturo to diminish the amount of real sand which the cement would otherwise carry. Another 
objection was the logs of volume which would be sustained by the engineer, equally with the manu- 
facturer, if he wero to become the buyer of cement by the ton, instead of having it furmmhed through 
the contractor, French engineers regulated this question by procuring a cement of sufficient density 
to pass thoir testa, while stipulating that it should not exceed that weight, so as to produce a neod- 
leas logs in volume. The test of specific weight was too variable to be relied on, if unaccompanied 
with other conditions. 

Ina socond paper on this subject, J. Grant gives the strength of neat Portland cement as mixed 
by hand, and aa ground in a mortar mill for 30 minutes. At the end of a month that which was 
ground in a mill had leas than three-fourths the strength of that which was mixed by hand. The 
maximum strength of that mixed by hand scema to have been attained at five months, and that 
ground in a mortar mill at one month, the groatest strength of the former being ucarly double that 
of tho latter. Tho atrength of that which was mixed by hand was maintained, while that which 
was ground in a mortar mill declined, from the maximum im each case to the ond of the experiments. 
Thia reault was probably due partly to crystallization, or the setting, having been interrupted by 
continued agitation, ger ge to tho destruction by attrition of the angular form of the particles. 

As to the tensile strain required to separate bricks cemented her with Portland cement 
and lime mortars, experiments would reqwre to be greatly extended before i very trustworthy 
deductions could be made, Presaad gault bricks show the lowest amount of adhesiveness, partly 
because of their smooth surface, and bes ore in them some oily matter is used for 
lubricating the dies of the press through which they are before being burnt. In the case of 
epgday ult bricks the cement mortar seems to act as dowels, and the resulta are consequently 

igh. 8 and the Fareham red bricks, which each absorb about « pound of water per brick, 
a ere much better than sgororihgeaclg — a oe eee ary op hs hore 7 Med 
roughly soaking bricks w are put toge with cement, as ve 
of the moisture which is necessary for its setting. 

The strength of Portland cement bricks tested by crushing, appears to increase the denser tho 
brick. When the cement is in proportion to the sand less than | to 2, or } to 3, those dried in air 
peat © create eee en ee ec eo baie te This would lead to the 
inference, that w ppl ryigh Ad cement is small, bricks or blocks of concrete should be kept 
some time out of water, and be allowed to harden before being used. 

Harvaingien tre of these concrete bricks with the different clay bricks, it will be seen 
that, down to of 5 to 1, the former com favourably. Bricks made of neat cement 
bore a pressure equal to that of Staffordshire blue bricks or of best Farcham red bricks. Cement 
bricka made in proportions of from 2 to 1 of coment, to 5 to 1, are equal to picked chay bricks. If 
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conerete bricks were more compreseed their strength would be increased. Ooncrete blocks 
made with the largest proportion of cement to ballast are the stron the strength being nearly in 
proportion to the quantity of cement, it is desirable to no more time than is absolutel 


necessary to effect a thorough admixture of the cement with the sand and gravel. Comp 
pr maliadain s eevee stronger than the uncompressed blocks in a larger proportion than their 
difference in denaty. 

Concrete made of broken stone or broken pottery is much stronger than that made of gravel. 
This is no doubt duc partly to the greater proportion of cement absorbed in the latter crae in 
cementing the finer particles of sand, and partly to the want of angulanty in the gravel. Oom- 
 ekerece and an increase in the proportion of cement, aliko increase strength In making conorete 

sor blocks of moderate size compression yt be applied with advantage; but with largo 
maasaés of concrete it would be difficult to do ao, without running the risk of interrupting tho process 
of crystallization or setting, which commenoes immediatly on the application of moisture The 
cost of labour so apphed would therefore be better employed in a larger admixture of cement, For 
the same reason that absorbent bricks should bo thoroughly soaked with water before being usad, 
the broken stones, bricks, or other materials used in making concrete should bo auturated with 
water before the cement 1s applied. 

Lieut -Colonel Scott remarked 1n the discussion on the second paper, that Grant had brought up 
the strength of Portland coment toa high standard Those in tho habit of using large quantities 
of Portland cement were aware that at times it oxpanded to an extraordinary digree This was 
due generally to too large a quantity of chalk having been uscd in its preparation With a large 
proportion of clay there was  eatg safety, though somewhat less strungth. Aa to coment mortar 
when beaten up afresh, an da first losing strength, afterwards becoming stronger again, it might 
be explained by assuming that the cement might have contained some particles which had an 
expansive tendency In using lias lime, unless it was ground to a fine powder, and the slaking 
allowed to go on anime time before uso, the work was apt to get dustorted, because those particlos 
which wer uncombined with water cxpunded in the work wheu hydration took place, and burst it. 
There was continued expanaion of some of the lime particles through slaking, tul the matorial was 
brought wholly into the atute of hydrated mlicate of limo, when it again gained in strength by tho 
quiet and gradual rearrangement of the particles, such as occurred with hydraulte lames, without 
any diturbing element ‘There was a new mode of using lime, which had been adopted in the 
buildings at South Kensington If im the ordinary cae of lime just sullcaent water waa added 
to bring 1t to a dry impalpable powder, this powder would have a bulk sometimes much greater than 
that of the original lime, and if made into paste would, when it dried, ¢xhilit a considerable de gree 
voll ebierese It could be imagined that if the line, instead of boing slaked, wore ground to powder 
and induced to set as cement, with its orginal density, much greater atrongth would be attained 
m the solidifie! mortar In the use of lume the combination with water took place first, and then 
subsequently the solidifying action wenton If it was hydrauhe lime, a silicating process was at 
up afer slaking, and a freah arrange mcnt of particles took place In tho case of coments tho 
slaking and the setting went on simultan ously, and the water ontcrod at once iuto combination 
with the ceme ut to furm a stone-like substance If by any means limo could be mduced to combine 
with the water slowly, so as not to burst with the heat, a much better result would follow than 
from the ordinary way of umng it) | ‘This, in fact, was what had been accomplished by the proment 
mode of making mortar, and the general method of procedure was as follows, the lime used at 
Kensington king ordinary grey lime fincly ground First 5 per cent of plaster of Pur, as 
i ee with the : posmaged of lime to be uscd, was mixed ina bucket of water, making 0 milk of 
sulphate of lime his was thrown into the pen of a mortur mill, and the ground hue added 
gradually, instead of the lime slaking as it would when treated with watr only, it showed 
no symptoms of slaking, and was brought to a thin paste without any acnable increase of te mpera- 
ture hen that was done, gand was added, and for moat purposes ag much as 6 parta of sand to 
lof ime In thin brickwork greater strength was obtained with grey limo treated in this way, 
with 6 parts of sand, than with Portland coment with 4 parts of sand = Tho sume resulta would 
not follow the use of grey hme in very damp situations or under water, in such situations another 
st of phcnomena came into play = [Lhe process described would not give setting property under 
water if the lume did not possess it before It might be thought that the wath r-setiunug property 
was destroyed by the plaster of Pana, which was iteclf soluble, but that was not the cass ‘Ihe 
quantity of plaster of Paris did not excecd 0 75 per cent of the mortar, aud in three or four woe ke 
crystallized out m the pinhole cavities in it, where it showed itecIf in crystalline plates In pro- 
bets as the percentage of clay ww the lime cmployed increased, so was the mortar mure suitable to 

uscd under water, 

With a view of adding to the existing knowledge on this subject, C Colson has rocorded 
the ditails of the tests made by him during the ¢xecution of the works of the Portemouth 
Dockyard Extenstwun, the results being communicated to the Institute of Civil Engineers. The 

fication provided that the cement should be of the best quality, gruund extrons Jy fine, and 
weigh nut less than 112]b to the umperial striked bushel, as poured from a inte the 
measure. The cement was to bear a tensile strain of 450 lb on 2} oq. in without breaking, at tho 
end of seven days’ immersion in water It was also provided that samples fur testing should he 
taken from every tenth bag, if requred It was not, however, dec med necessary to proceed to the 
extreme Hmits stipulated for in the specificahon, bat, on the arrival of cach cargo, sufficient 
cement was taken to make soven briquettes, four of which were placed in water as soun as they 
were sufficiently «t to admit of their being removed from the moulds, the remuinder being kept 
dry At the expiration of seven days three of the wet briquettes and the threo dry ones were 
tested in the machine, the remaining wet one being reacrved. With regurd to the method for 
the cement, 1¢ was found, after re trials, that a umform result cvald not be 

simply pouring the coment out of tho bag, as it was imposible to maintain « uniform 


é 
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rate of delivery. If the cement was allowed to fall from the bag too quickly, the measure became 

filled with.a mass of cement of the same density as when in the , in which it had becomeé 
consolidated by being shaken and moved about, To obviate this difficulty, and to equalize the 

density in the measure as much as possible, an ord hopper stool was adopted. This was 

about 2 ft. Gin. high, with a shoot fixed on the top; the lower end or neck was contracted to 7 in. 

by 2in., to prevent the cement from falling into the measure in heavy masses, in case it should 

escape from the bag too quickly. The measure, heaped up, was allowed to stand for a few 

minutes, in order that the cement might settle, When no further subsidence was observed the 

shh that was struck off the top, and the rest weighed. By this mcthod a uniform density was 

obtained. 

The average weight per bushel after pris ag the coarse cement was 106 Ib., against 
115 Ib. befure screening, as delivered on the wor These results show that the cemént, as 
received from the manufacturer, is affected to the extent of between } and } of the gross weight, 
or about 214 per cent, by coarse grinding. 

Undoubtedly the fairest way would be to test cement at thirty days, inasmuch as the harder 
burnt varietics, requiring a longer time to set, are placed at a considerable disadvantage compared 
with the quicker setting cements when tested at the end of seven days. They do not show such 
good results as would be the case if a longer time were allowed. 

Not only does the demand for high tensile strength at sevon days practically exclude from 
compotition all the harder burnt, slower setting, though ultimately stronger cements, but it has thp 
offect of forcing the quicker sctting cements tu such ao degree, that tho risk of the presence of free 
limo, and consequently the danger of cxpausion, is augmented. Much can be said on the other 
hand iu support of immediate strength, which in some cases is necessary. 

For mortar or concrete dostined for building construction, it is undoubtedly injurious to employ 
other than fresh wator, on account of the deliquescence of the salts contained in the sea-water, 
particularly during humid weather; but in coast or harbour works thore appears to be no valid 
objection to its use. 

The conditions of mannfacture affecting the tensile strength and rate of setting of Portland 
coment may be divided under four heads. ‘The proportions of chalk and clay; the degree of calci- 
nation; the degree of fineness; the age of the cement, 

It is impossiblo to establish any fixed proportion for the chalk and clay, as it must depend 
ontitcly upon the quality of cach considered separately. ae chalk, containing a large per- 
centuge of clay, would require lias of the latter to be added; whilst white, or upper chalk, being 
almost puro lime, would require more clay. The clay, if obtained from the beds of rivers flowing 
through « chalk district, may contain hime, which would necessitate a reduction in the quuntity of 
chalk to be added in the manufacture of tho coment. The constituents of these ingredients can only 
bo usocrtuinod by analysis, carcful tests, and observations, the knowledge thus obtained forming 
the basis of the proportions of olialk and clay to be adopted in the manulacture of Portland cement 
in each particular locality. It nay be stated in gcnorul terma, that where a high tensile strength 
iy deinandod, u greater proportion of chalk must be employed. This, if properly burnt, will pro- 
duoo a aluw-netting, but eventually a very strong o mont, There are, however, reasons why, in genc ral 
practice, a high proportion of chalk should be avoided ; the panels one being the great danger of 
an exevas of that ingr dient to produce free lime, which would cause the coment to swell and crwk, 
aud eventually fall to preoes, Comont with a high proportion of chalk has not the same hydrauhe 
properties as cemont with a loss percentago of chalk, a full proportion of clay bing necessary to 
ensure those. On the other band, an execas of clay will give a quick-setting, but, at the same time, 
a very weak comont, with a muddy appearance and yellow colour. 

As regards the proportions affecting the rate of setting, it appears that a high proportion of 
chalk, not in exovsa, will cause this action in the cement to be slow, whilst an excess of chalk, pro- 
duamng free hme, will evolve considerable heat on bemg gauged, causing the cement, apparently, to 
at muoh more quickly; but when in this condition there is the greatest danger of its dying. The 
addition of clay inorcases the rate of setting, and especially when present in excess. Afterwards it 
will harden very gradually, and that only to a limited degree. 

With reference to the dogree of calcination, the quality of the cement depends, to a great 
oxtent, upon the rig ipen to which tho operation of burning is carried. Care is roquired in 
putting into the kiln the pet proportions of coment and coke. Cement, when properly burnt, 
should have the appearance of a hurd clinker just on the verge of vitrifaction; in proportion to the 
high degree of burning, short of excess, so is the atrength of the cement improved. 

With regard to the increased tenaile strength of the fine as oom with the coarse cement 
.when mixed with sand, it may be accounted for by the latter containing a largo proportion of 

und particles which, although acting as a bond when gauged neat, would, on tho addition 
of vaud, be distributed through the masa, thereby reducing the influence they would have as a 
key; the actually offictive coment being the difference between the original quantity and the 
sportion of coarse or unground it contains, This proportion is ordmarily about 21° per cent. 
The ounent would, thercfure, be reduced in about this proportion, whilst the sand would be 
augmented ; thus, in the case of J to 1, the actual proportions would be °79 of cement to 1°21 of 
sani. In the conse of the fine coment, the proportions would be as stated, the mass therefore con- 
taining a greater quantity of effective cement, which would go far to account for the superior tensile 
aa Pe ascertained from these experiments. 

The quantity of water used in gouging the cement bas great influence upon the tensile strength. 

If an undue amount be eunplored, t is reduced to a considerable extent; on the other hand, if the 
uantity be aa amall as possible consistent with pruper manipulation, the reeult will be much . 

m numerous experiments and observations i¢ was found that, as a general rule, a proportion of 
1 of wator to 3 of coment by measure, ar 1 te 33 b et ie oe 
of mixing and results, With a much les quantity, the gauging would be so as to: tender the 
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manipalation most difficult, the risk of air-holes, the reduction of which to a minimum is a point to 
» be particularly attended to, would be augmented; the angles of the mould would bo imperfectly 
filled, and generally a very imperfect briquette formed; conerquently the resulta of such tests 
would be unaatisfactory and unreliable. A much greater quantity of water would havo the effect 
of reducing the tennle strength, rendering the results of tests equally unsatisfactory and unreliable. 
Of course, in general practice, it will be found that a slight variution in the above-mentioned pro- 
portions will be necessary, depeuding upon the age and degreo of fineness of the cement, but only to 
a limited extent. 

The age of Portland cement, although stnetly not a condition of manufacture, is an important 
element in ita ocunomical and safe use. Cement not only improves generally by keoping, but the 
older the cement the leas dunger will there be of ite flying, inaamuch as free lime, ansing from an 
excess of chalk, would be acted upon by the atmosphere, causing it to alake, and reducing the dunger 
of expansion ty a minimum. § The age has aleo been found to exert considerable influence upon the 
rato of actting, caueing it to require a much longer timo to act than now cement 

’The following analysea of constituents and cement made therefrom, will show the chemical 
changes occurring in the manufacture ;— 

Analyses of raw materials uzed by the Burham Cement Company— 


Ganilt clay— ' Gry Chalk— 
Bilica ee ww ew we ww «6 46°61 | Carbonate of lime oo... w. | 87°80 
Alumina .. 1. oe oe ee ee) G08 Biliew 5 ue wee ei 
Oxide ofiron .. .. «2. « « 6°07 Alumina oe ee wee eid DG 
Carbonate of lime .... » « 20 06 Magnesia...) ek ce we eis 0 


Mugnesin ., 65 we wees "GO Oxide of from ww wee °80 
Potash 63. sc. au we) wa 60 Organic matter and wator » 8°05 
Water and organic matter .. .. = 00 


Analysis of Portland cement manufactured by the Barham Coment Company— 
Alumina .. 6. 6. ewe we 22h Boda oe WE Sey a dee 4G “15 


Oude of tron .. we owe eee (CSO OS nerd... © ee oe)|=625°00 
Muynesia .. 6.066 ete ‘BO Clay sand ane Nick - 3 00 
Pure lime te get. eee od . SO) Moisture... ..  .. 6. ee : 1°00 
Rulphate of hme... 200 Loss... 6k ce ween 35 
Potash ak. Gk eee ee “S85 
Analyses of raw materiuls used by Hooper and Co — 
Wet Clay— Raw Chalk— 

Carbonate oflime .. oo... 00elCU 2 TY Carbonate of lime oo... 706-00 
Silo i i ee wet wa ge. 2-865 SBiliew ow... 6 wa 1 09 
Alumina ..00..0 68 ee oe ee CODD Alumna oo. oe wee ‘73 
Oxide otnmon oo... wee 1°08 Oxide of tron ; = “HO 


Water ee ve ee ef ae ee Gt 7b Water oe ee e¢ ee ef oe yA | 4 


Potash and soda... wee ro Curbonate of magnon ba ie OH 
| Lang ee oe ee se oe C) °27 


Analy sia of Portland cement manufactured by Hooper and Co.— 


Lame ne ee oe oe «GA BH | Ours Of tron. 0. kkk 1 58 
ale ea, by er wee AZ Potash and noda 6.00 0. uke 1°37 
Alumina .. «6 oe oe ee ee) G22 | Magrtsetaa.. 6. ee wen 0% 


Gool Portland cement, in its dry, ungauged condition, ia of a uniform dull grey colour: 
occantonally a slight greemh hue as observable, rone tines replaced by a slight bufl tint OA yellow 
or ourthy colour us almost invariably indicative of inferior quality. The colour can be boat observed 
2 eae @ small quantity on a sleet cf white paper with a clean, smooth trowel, or a pivoe of 

1ect 8 

I 5 Mann suggests that the op ration of weighing should be discarded, and tho specific gravity 
be taken ietead. That this has not hitherto been done is probably dug to the trouble and 
difficulty experienecd in obtuining the specific gravity by the ordingry method. In the caso 
of Portland cemint a hquid must be used which does not chemically affect it The aprcitic 
gravity of this liquid has alsu to be taken and the results reduced to the standard of dtetitted 
wuts, involsing tedious arithmetical calculations. Tu obviato these diff ulties, a sinple gras iineter 
has been devised. It consists of o small glass yvese) holding, when Aled tow mark on the neck, 
a piven quantity of hquil, and of a glass pipette furnished with a griduatcd stem and stopoock 
and containing, when filled to a mark on ite upper extremity, a volume of hqauid equal t that held 
by the first-mentioned vewel, minus the quantity displaced by 1000 grains of the deusest substance 
intended ty be examined, 

In asing the gravineter the pipette is filled to the mark with paraffin, turpentine, spirits 
of wine, or any other liquid which dees nut act on the cement, pref rably paruflin, 1000 grains of 
the ccment are then introduced into the smalicr vessel, which le planed ander the pipette and filled 
to ite mark. Before this ie quite completid the vessel may be corked, and the cantcnts abaken to 
remove small aur-bubbles entangled iu the cement. The hvight of the culumn of liquid remainin 
in the pipette determines the specific gravity, which can be at once read off on the grud 
stem. The denser the substance operated upbn, the leas liquid will be displaced m the smaller 
visu i, and therefore the loss will remam in the pipette, and vue rerad 

C. Culgon has also experimented on the comparative tensilo strength of grey lime and Portland 
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cement mortar, to ascertain what proportions of Portland cement and sand would produce a mortar 
ual in strength and as convenient to work as grey lime mortar, the ons ordinarily‘ 
ted for constructive p The mortar was mixed to a working con cy, equal, in fact, 
to the condition in which it would be used in the work. The mags was then moulded in the 
frames used for testing Portland cement, where it remained until sufficiently hard to admit 
of removal. At the expiration of six months the blocks were tested for tensile strength. With 
ee to the ime mortar, containing 2 sand, 1 lime, 1°33 water, the fractured blocks showed that 
induration, or the chemical action of setting, had penetrated only to the extent of from } inch to 
#; inch, but in the majority of instances to only 42 ch. The remainder of the area, although dry, 
and moderately hard, had become so mainly from the evaporation of the moisture originally 
contained in the masa, and in no sense from the absorption of carbonic acid. It was possible, more- 
over, to crush it on the hand without “ great exertion of force. The cement mortar, mixed in 
the proportions of 6 sand, 1 cement, 1°26 water, was of such a raw, harsh, character that it would 
be practically impossible to use it in a satisfactory manner. To render it somewhat more con- 
venient for working, a small quantity of lime or yellow loam was added, rendering the mortar more 
plastic and tenacious. This addition of lime and loam reduces the initial strength of cement 
mortar considerably, the reduction due to the addition of loam being more marked than by the 
addition of lime. ‘The quantity of unslaked lime or loam, 4), the bulk of sand, was found to be as 
amall a proportion as could be used, to give the neccseary armen 

As regards the comparative adhesive power, it may be stated that the adhesive power of mortar, 
mixed in the proportions of 8 of sand to 1 of cement, with the addition of loam, was superior to 
grey lime r mixed in the proportions of 2 of sand to 1 of lime. 

©. Colson has mado numorous cxperiments on the strength of Portland cement concrete arches 
and beains to arcertain the relative cpl Yoerbhor J power of masses of concrete equal in quality and 
practically so in bulk, but differently disposed. It was also desired to show the relative supporting 
power of arches of the same span, rixe, and thickness at the clown, composed of porous and non- 
hoo material respectively, such as shingle and broken bricks, but mixed in the same proportions. 

he proportions, in the experiments in which shingle was used, were 6 of screened harbour shingle, 
8 of aand, and 1 of Portland cement. The proportion of saud was dctermined by the measurement 
of the quantity of water required to fill the interstices of the shinglo when placed in a known cubic 
measure. In mixing the concrete as little water as possible was used cunsistent with thorough 
manipulation; and in depositing upon the centre great care was taken that there should be no 
honzental beds or laminations, but that the whole should form a thoroughly homogeneous mass. 

No, 1 experiment consisted Ring of a beam of concrete, mixed in the proportions as explained, 
9 ft. long, 1 ft. 9 in. wide, and 9 in. deep; the distance between the supports was 8 ft. 3 in., 
with a bearing of 44 in. at cach end. Fourteen days after mixing the supports were removed, 
when the beam suddenly gave way near the centre. The fracture showed that the cuncrete was 
perfortly sound, there being no vacuities whatever to cause u diminution of effective scctional aren. 

No, 2 experimont consisted of s concrete bcam similar in all respects to No 1, being made from 
the same masa and deposited at the auine time. In consequence, however, of No, 1 having failed 
ou the removal of the supports at fourtecn days, tho supports were not removed in this case tll 
twonty-one days after mixing. At this interval the beam stood perfectly sound, and remained 
peepee for a further period of seven days, when it waa tested, and bruke under a central load 
of 5 owt. 

No, 8 experiment consisted of a portion of No. 1 beam, 4 ft. 6 in. long, placed on supports 
8 ft. 9 in, apart. This beam mepertee a load of 7°50 cwt. for seven days, when the iad was 
increased to 13:75 owt., under which load the beam failed twenty-eight days after mixing. 

No, 4 consisted of a portion of No. 2 beam, 3 ft. 9 in. clear of the supports, and tested imme- 
diately after No. 2, at twenty-vight days after mixing. This beam failed under a load of 1:044 ton 
placed at the centre, 

In cach of theso experiments the beams broke suddenly, without the least evidence, either by 
radunl oracking or otherwise, that the limit of luad had bec n reached. One point, with regard to 
ww. 8 and 4, deserving notice, 18 the difference in the load borne by cach before fracture took 

place, the intorval of tinte being the same. It is possible that in the case of No. 8, which consisted 
of a part of No. 1 beam, the ae appropriated may have been slightly strained at the tume of 
the first fracture on the removal of the supports at the expiration of fourteen days, 

The foregoing experiments being oe vama resting simply on vertical supports, it was desired 
to know what inoreaso of resistance to fracture would be derived from the ends of the beam being 
blocked in such a mannor aa to accure perfect rigidity. Sufficient concrete was therefore mixed in 
the proportions before desoribed to form two boame. One, No. 5, was formed with the ends resting 
on lars as in the caso of the previous experiments. The second, No. 6, was formed between two 
counterforts of the wall, in which bearings 4} in. deop had been cut. After an interval of fourteen 
days tho supports were removed, when No. 5 beam bmke with its own weight in cxactly the same 
way as No.1. Having in view tho first failure, additional precautions were taken in removing the 
aup the folding wedges and bearers eal planed true in order to reduce the friction to a 
minimum. The circumstances attending the failure of those two beams being precisely the same, 
lead to the concluaiun that the atrength of the ouncrete as used, at fuarteen daye interval, was not 
eufficient to witliatand tho tensile strain at the centre due to its own weight. The supports were 
removed fram No, 6 beam at the samo time, no sigu whatever of woakness eae cheeves After 

y woights 
on the centre. Under 0°25 tom a faint crack was observed at the centre through the whole ee 
of the a 4 
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Seninat Vee: poasiblllty of Tavern! movement, in the slightest degree, in the supporting girders of 
a foor. 


» Experiments Noa. 7 and 8 were made to compare the gain in derived from a different 
d tion of the same bulk of concrete. The same rtions and dimenaions were preserved, 
but the mass was deposited in the form of an arch with a rise of 9 in. at the centre The supports 
were removed from both arches at the expiration of sixteen days; there was, huwover, no nocemdity 
for their remaining supported for eo long a time, as shown by subsoquent experiments on arches of 
nearly double the span. 

o.7 Testing was commenced when the concrete was twenty-three days old When loaded 
with 1-75 ton, a pig of iron, weighing 2 85 cwt, fell on one of the haunchos, carrying away a 
portion. The arch then stood fur two dava with a load of 8 tons on the centre Under a Toad of 
4-50 tona slight evidence of diatresa was observed at the crown, and with a load of 5°50 tuns the 
arch failed by the complete crushing of the maternal at tho centre 

No &. 6 teating of this arch commenced at twenty-eight days after mixing the concrete 
When loaded with 5 tons, the testing was suspended for threo days, it was then resumed, and 
with a load of 6°75 tons the arch fal The slight indications of distress observed in the previous 
experiment appeared in this case, only immediately before tho fracture of the arch 

No 9 In this experiment the arch was 18 ft 9in between the abutments, | ft 9 in wide, and 
9in thick at the crown, with a mse of 91n. Exactly the same proportiona of shingle, sand, and 
cement were used. The centring was removed at «ven days from the date of mixing the concrete, 
and the arch was teeted at twenty-one days. A gaugo was fixed in order to ascortain tho amount 
of deflection due to the impoard load, which consisted of pig-iron ballast applied at the centre of 
the arch With a load of 4 tous shght signs of distress wero observed at the crown, when tho 
gauge registered a deflection of f in With an additional load of ¢ ton, = 4 50 tons, the arch 
suddenly failed, with nu greater indication of distress than was previously observed Tho groatout 
deBection registered was 3 1n 

No 10 consisted of an arch of the same span and dimensions, constructed and the centring 
removed on the sank dates as No 9, but toated after onc month With 3 14 tons at the centre this 
arch failed, without oven the shght warning observed iu the provious expo rmonts 

‘he ouncrete for the last two experiments was mixed it one mass an rogards proportions of 
cement, sand, and shingle No 10 was, however, made much wetter than No 9, to ascertain the 
offi ct of an cxcess of water upon the concrec Judging trom the raults of these experiments tho 
ef. ct was to mati nally wduc the strongth of the concrete ‘This was also found to bo the case 
when concrete blocks were subjected to compression in the bydraulie press Those blocks, 6 in x 
Gin x Gin, were composed of the same nn of coment, sand, and shingle, as used iu the 
arches An cqual number was inixed with a maximum and muimum of water and tested when 
aix months old = The same offect was also obac rved when broken bricks and brokcn Portland stone 
were used for the coment 

The concrete for Nos 11 and 12 experiments was composed of broken bricks, mixod in the samo 
proportions as used for the shinglo arches, vi7 2 to lof broken brick and gand, and $ to 1 of sand 
and coment be fure mixing, the broken matcnal was well damped Tho necessary bulk of concrete 
for both arches was mixed in one muss and depomted in pomtion at the same tine Mie ecnirings 
were removed in both cases seven days after mixing, and tho archos tested at twonty cight duys, 
In No 11 cxperiment shght evidence of distress at the crown became apparcnt under a load of 
6 tonsa on the centre, and with 6 77 tons the arch farled. 

No, 12 was tested on the sume day «18 No 11 arch, and supported a jon of 6 50 tons bi foro 
any iudication of distress was observed , the load was then grudually meronsed to 7 (64 tons, under 
which the arch failed 

The superior strength of the arches in the last two cxpcriments 18 evidently due to the moro 
absorbent aud angular *haracter of the material The appearance of the fractures in the two cases 
of shingle and broken brich, showed a murked diffi rence In the first com, the strain destroyed the 
adhouve power existing betwecn the shingle and the matrix im pe instance was a stone observod 
to be fractured, the custs being, asa rule, clearly defined in the cement In the scoond ease, the 
superior adhesive power ¢xisting between the broken brick and comeut instrix waa manifest, in 
but few instances had the cement i ft the surface of the brick, the gencral chuaractoristic being 
that of complete disin tion of both brick and matrix 

CHIMNEY SHA 

Chimney shafts arc constructed for a two'old purpose, To cause a sufficient flow of air, or 
draught, through the furnace, to mamtain the perfoet combustion of the fuel with the least waste of 
heat, and to ducharge at a great height the heated wir and smoke, which, by reason of tho 
noxious products cuntaincd, wuuld be very injaric us if eyocted at a low altitude 

When used io conjunction with a steam engine, the success of the firing, in getting up steam 

nickly, and keeping it up steadily, depends in # great moasure on the piper conatraction of the 
imney, fur without a properly regulated draught it is imposable t obtain a perfect con:buation 
Factory engineers, however, differ widely as to the best form and ounstraction of a chimney for 
attaruing the cipal end 10 view, namely, the beet draught at the least expense, the problom 
be ing one of ¢ which present a wide field for inquiry, and admit of saan difurent methods of 
solution, aceording to the end in view. Fur it will be evident that the velocity of the draught 
should be regulated by the work which the chimney is intended to perforin, a steam ongine shaft 
unog a much sharper pean than one in connection with brick or lyme kilos, and a forge 
¢ ey a sharper draught still = 1¢ will generally be found that with « draught in the chimney 
of less than 0 5 on the pressure zauge, the firing of the furnaces will be a constant toil to the fire- 
man, he will be unable to avoid making a pe quanity black smoke, and in case of an extra 
demand for steam he will be unable to mect it, for no couxing of a fire will make it burn brightly 
or produce the red glow which is the perfect condition for raising steam, without a full command of 
® 
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draught. Acoording to the Lancashire practice, a steam engine chimnoy, leaving all considerations 
of ont out of the i hein cannot be too large nor too bomen provided it is supplied with 
efficient means for checking the draught, by properly fitted dampers or otherwise, whereby the‘ 
supply of steam can be readily controlled at any moment, so as to work the engine at one-half its 
ful power, and using considerably less than one-half the power of draught of the chimney. For 
this purpose the ordinary damper, say 8 ft. long, of a 30 horse-power engine ought to be open only to 
the uxtent of 8 to 6 in, thus having a surplus draught always at command for emergencies In every 
case the proper regulation of the damper will be found to be of extreme importunce , a very mice 
adjustinent being necessary to produce the best effect, either too much or too httle aur causing a great 
loas of fuel, and consequently # corresponding lossof power, An intelligent fireman, however, soon 
finds out by exporience the proper height or opening of damper for doing the poles work with the 
Jeast consumption of faol The best chimney draught, for a steam engine, takes place when the 
absolute temperature of the gas in the chimney is to that of the external air as 25 to 12, another 
ractical rulo is, that in order to ensure the best ible draught through a given clumney, the 
mperature of the hot “ican in the chimney, should be nearly but not quite sufficient to melt lead , 

that ts, about 600°. With steam boilers the heat of the air shoul not exceed 600°, and ordinary, 
well-burnt stock bricks will be found to stand this temperature well , but with reverberatory and other 
brick furnaces, the air 1s often of a temperature of 2250° For such cases the chimncy should be 
lined with firebrick throughout, and os the cohesion of mortar 18 soon destroyed with such high 
tomporaturos, there should bo wrought iron bands round the outside of tho shaft, at regular inter- 
vals from top to bottom 

However well shafts may be eracted, they are liable to be injured by hghtning or by high winda. 
As regards tho formor, the chimney should be protected by hghtning conductors As regards the latter, 
the forco of the wind in England rarcly exe eds 50 Ib aug ft, oven in great storms, although it 
has beon known oo asionally to mse to 70 or 80 Ib a sq ft. It has, however, been calculated that 
with an ordinary well-built chimney the foreo necessary to overtura it would be 110 Ib a aq ft 
In tho caso of a revere mule of wind 1f the chimncy has a steady roching motion, like the swing of 
a pondulum, it is probably safe, but ifit has a swaying motion hke a tre bent by a blast, aud 
recovering itself dung tho lull, its cventual fall 18 almost certain 

Tho questions of most intercat in connection with large climncy shafts, either in erecting a new 
shoft or rebuilding an old one, are the cxternal and the internal proportions 

Aa regards the extornal form, of which Figs 824, 828, and 8 32 are exnmplcs, there 18 no reason 
why a chimney shaft should not be both an ornament to the surrounding objects, as well as 
ptactically the best that could be constructid for the purpose required Even in tho case of a 
circular shaft of porfectly plain and regular outline, can ful selection and contrasting of bricks of 
various colours, th bands or other simple, reguiar patterns, or a variation in the colour of the 
mortar, will often add considerably to the architcotural appearance, The cap frequent y receives 
the most decvration, but in very high shafts this 19 the Int thing which should be decorated, a8 
thory is no we in cluborately carving the top of a chimucy shaft 200 or 300 ft. high, neithar isa 
heavy stone cap, scveral tons in weight, required for the stability of the shatt A slizht eor- 
eee J out of the brickwork for a fow courses in height, or a few buld mouldings cut in stone, 
aro all that w required 

It ia, howe ver, the tnternal proportions of a chimney shaft, ita height and acctional arca, that are 
chiefly of importance 

In fixing on the proper dimensions of the vertical smoke flue, or made of a chimney shaft, 1t 18 
& question whother, aa is most usual, if Khould bo tapercd or dimimehed in area towards the top, 
or whether it ought to bo parallel, as wide at the top as at the bottom These questions will be 
found fully treated of in the artidles on Chimneys in this Dictionary But there 1s another 
queation quite as nnportant as either of the above, and requiring a prior consideration, namely, 
whataro tho proper dimensions, height, and aua ofachimney shaft most surtable for a steam engine 
ot any given number ot horse power? or, which 13 ncarly the same thing, for barnmg away a given 
aE of coals au hour? ‘This will depend a good deal on the quality ot the coms to be ued, and 
the quantity of waste gaacous products arising from ther generally imperfect combustion im the 
furnace, the best Newcastle or Hartly coals, and the best Welsh steam coal, though requiring 
very difleront trontment in the furnaci, being found equally in practice not to rejyuire such large 
chimneyaas tho inferior coals of the English Midland and manufacturing distnets 

Tablo I. of the diameters and heaghts required for chimney shafts of vantous horse powers has 
been calouluted according t the rules given by Peclet, but it has been found in practice that 
chimneys having dimensions as calculated by these rulce will on an average, with good manage- 
ment, do nearly double the work aasigned by this table 

Thomas Box, iu his Treatise on Heat, gives the following table of the powcr of chimneys to 
ateam boilers, the flues having a conatant lcngth of corcait of 100 ft , and although the length will 
evidently be too great for emall boilers, the only practical effect it will have will be to make the 
obimacy rather tuo powerful for such cases, but this ta an error on the nght side, it beng always 
expedient to allow a margin for unforeseen contingencies, the ¢xcess of power being held in check 
by adjuatment of the register or dampor, In this table the power of the chimocy 13 given at 25 
per cont. of the maximum calculated power, thus allowing a margin of 25 per cent., thus the 
maximum power of a round chimney having an internal diameter of 3 ft, 6 in. and a haght of 80 ft. 


will be i = 200 horse-power, 


As oxamplea of the actual work accomplished by existing chimney shafts, Table ILL. affords 
ei ge pr aba ta, by at Deus Works, Dandee. In No 1 the draught was not good, on 
account of only one boiler connected with tho chimney. In No 2 the furnaces are miuate 
at about the level of the base of the chimney. In No. 3 there is a mee of 68 ft, from the firing level 
of the first fifteon boilera to the bottom of the chimacy shaft, and a rise of 86 ft. from the remaining 
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yar boilers; ao that the total height from the firing lovel of the 13 boilers to top of chimney is 
$25 &. From both these ranges of boilers the amoko i pey 
sheik fas o iuhal saoaly o1der grou. 8 is conveyod to the chimney by a long sloping 
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The best form of section for a chimney, 98 regards its stability, ie the circular, next to it the 
octagonal, and lastly the square form; the force exerted by the wind being twice as great against a 
square chimney as against a circular one of the same diameter. The square and octagonal forma, 
however, one great advantage over the circular, and that is, that the brick bond is much 
better stronger in either of t1.e former than it is in the latter, 

A 1 rule ae for the height of chimney shafts is, that if the shaft be square, its height 
should not exceed ten times the outside diameter at the top of the foutings; if octagonal, the height 
may equal eleven times the lower diameter; while, if circular, it may be as much os twelve times 
the diameter. This rule, however, docs not seem to be very generally followed, as many chimneys 
exist with heights equalling from fourteen to eighteen dianeters, The diameter should decrease 
in « regular manner, being about one-third less at the top than it is at the bottom. 
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etn Gy deta 1s OH be oan thas th eon ey coment ts auecee ples 
large chimney shafts. It will be seen that the vary considerably in different places. 
Local customs doubtless have their influence, but the special purposes in view have, and ought te. 
have, more influence stil]. Yor, as already ted ont, it makes a great difference whether the 


shaft is to be used for an engine boiler, an furnace, or a range of kilns; a flue that would 
answer perfectly well for one of these might do very badly for either of the others, 


Tastz IV.—Parorosnons or Cauoveys. 





ft. in feet inches 

Townsend's Chemical Works, Glasgow... .. .. | $2 0 | 454 43 14} about 
St. Rollox,Glasggow wg ww ww uae ee Sle | 40 «GB | 482 7h 10g 4, 
Mesers Doheon and Barlow, Bolton, Lancashire .. {| 42 6 | 3867} 103 3 ss 
Chemical Factory at Barmen, Prussia os hae 6h cee | «18 CO O83 23 183, 
Chimney at Bradford, Yorkshire.. .. .. .. «| 20 0 | 800 44 15 
Dye Works, Hogen, Prussia a a ee oe 18 6 | 274 3+ 14$ about 

est Cumberland fron Compeny, Workington, No 1 | 24 0 | 250 5 103, 
Pontifex's Works, Isle of Dogs ..  .. « « « | 20 6 228 6 lk, 
Shell Foundry, Woolwich .. 0 0. oe oes 16 9 224 §} 133 SC, 
Mesera Gostling’s, Northfleet, part fell ..  ... 22 0 { 220 6 10 
Wost Oumberland Iron Company, Workington, No.2 | 28 0 | 200 5 83 about 
Boring Mill, Woolwich . «ge ue ee we we | 1B 170 54 13 
Rocket Buildings, Woolwich =... ww wwe SC | «IL OO] CO1SO 55 13 
Steam Engine at St. Oucn, Franco .. .. .. 10 8 | 182 5} 12 about 
Saw Mill, Woolwich ..0 ww ews é 10 6 130 5} 12, 
Paper Factory, Woolwich .  ..) .. 3» « « 10 8 | 120 5 11a, 





Tho projection at the head of the chimney, if any, should not exceed three-fourths of tho thick- 
nosa of tho brickwork from which it projects, but if 1¢ 18 desired to have a very ornamental pro- 
jecting chimney-top, precautions must be taken to have a blocking course on the top of sufficient 
weight to counterbalance any tipping tendenci:s of the overhanging parts. Very effoctive chimney- 
tops may be formed by gradually corbelling out the bnckwork in various ways before reaching the 
top. Hollow torra-cotta copings may be uxd with advantage, inaamuch as they can be cast to any 
form, and are lighter than eithor stone or brick, and are especially suitable where considc rable pro- 
jections are required. Probably the best form of cap for a chimney 18 one formed of cast iron, with 
a bold outside moulding, to bo cast in sections, and firmly bolted together at the top of the 
chimuey, This off-otually provents ull percolation of water through the jounts of the bnckwork 
Paes ip, which, after severe frost, often causes unsightly, if not dangerous, cracks in unpro- 
twoted shafts. 

Tho proper thicknossos of brickwork for a shaft in a sheltered position necd not be so etrongly 
constructed av one which is alwaya exposed to currents of wind, and therefore, in the former case, leas 
thickness of brickwork may be adopted than inthe lattor. A good rule, given by Molesworth, 18 to 
increase the thicknoss of the shaft, from the top downwards, half a brick in every 25 ft, but this is 
ecarcely over carricd out m very high shafts. We beheve the following dimensions to be more in 
necordance with genoral practice. Lot us suppose a chimney 200 ft. high, and square on plan, the 
width of tho side at the top of the footings bemg 10 ft., and the width of the top 6 ft. 6 in, or say 
6 ft. Thon commencing at the top, and working downwards, 


The first 25 ft should be oo «8 6h ee 6h ee”~S (dso rc thick. 
» next 25 , n Terr rae | | ‘i 
” ) 30 ” ” . ee 2 ” 
YT) ” $0 a ” ee . oe ee 23 ? 
1 wn t9 n e ry ee oe $ ” 
» of ” ” a 38> & . 8§ ‘4 
and the bottom 20 ,, ‘s ww -ee 13k ae me 


the top 5 or 6 ft. is only half a brick thick, but this does away with the bond, which is 
one of the most cssential things in all brickwork. 

Tho height of tho footings should be at least 10 courses of bricks, the bottom course being 
8 bricks in width ; this will givo a 2 brick set-off on each aide of the wall, and if the courses be 
double, each sot-off will bo about 83 in. in width. The concrete foundation ehould be 20 ft. square 
on plan, with a depth of 7 ft. A section of the base of this chimney is shown in Fig. 8231. The width 
at top of the shaft yea Sasi irgher yA hares the walls 9 im. thick, the internal width will be 
4ft.Gin. When the internal width of ee So exooeds 4 ft. 6 in. it is the general 
practice to make the top 26 ft. 14 brick in thickness Soatceid of 1 brick; and as accidents have 
ocourred where this rale has not followed, it will evidently be advisable to adhare to it until 
such time as science shall have provided the engineer with a better. 

Table V. shows how much practice diffors with respoct to the thickness of brickwork for shafts ; 
it affords details of threes chimneys at Woolwich, and, for the sake of additional comparison, one 
chimney at Manchester. 
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The building of a high chimncy shaft is a work special 1n all its conditions, and cannot be oom- 
All shafta sh vuld be erected during the summer, operations bomg commenced an acon as pousible 
after the disappearance of frost. If, howover, through unavoidable circumstances, a ahaft has to be 
the surface being carefully covered to prevent injurious effects. Brickwork laid in frosty weather, 
or between the jomnts of which moisture bas beon allowed to percolate, and which afterwards 
of the mortar. 
It is not adgianble to ereet a chimney shaft too quickly, as the weight on the lower portion is 
allowed time to properly set. As the setting of the mortar depends on the state of the weather, aud 
on the quality of the lime or o ment employed, the rate of progrias in tho height of the chimney, 
followed is from 2 ft to 2ft Gin a working day, according to the size and hcaght of the shaft, 
In Manchester and some of the Lancashire towns, it 1s the custom in erecting very bigh shafts to 
the expiration of which time the rest of the work is completed , but this is necessary only i tho case 
of very high and large shafts, which could not be completed in a single scason. 
struction and the quality of the workmanship A shaft should not be tied to any existing buildin 
or wall, but its own proportions should sccure its stability, neither should any woudwork be fix 
Brnckwork built with Portland or Roman cement, requires 8 weight of about 80 tons a superficial 
foot to produce fructure from compression, and when built with blue lias mortar, srl y set, it 
the strength of brickwork, we may state that there 160 brick chimney at Manchester 410 ft high, one 
at Wigan 420 ft high, and another at Warrington 440 ft high, while the ahaft at Towns nd’s 
ood, there need be no fear as to their atrength, but all precautions will have to be taken respecting 
€ tpg of the mortar use|. 


-» (16 625 825 328 328 " 109; 49 | Beaffold erected inde- 
The top 28 ft 8 in. 
| pers the remaining 
Coltness Iron Works | 210 85 0 40 ‘ . 150 050 0 ina 
pered with ontinary walling 
erected during the winter, building operations muxt bo discontinued on the Jonst appeurance of frost, 
beconies frozen, 18 alinost ccrtain to be destroyed, when a thaw «ts in, hy the consequent swelling 
constantly increasing and would be hable to cause a slipping in tho masa, if the mortar were not 
which can be allowed with safety, will depend upon the same two causes, The rate generally 
them up to half their height, and then allow them to stand for six months to consolidate, at 
The strength of a shaft depends, ina great measure, upon the materials cmployed in its con- 
in or to 1t. 
requires about 20 tons, but nothing lke this weight is ever reached in eliimney shafts, In proof of 
Chemical Worka, Glasgow, 1s 454 ft. in height, and therefore, provided the bricks be sound and 
he bricks used should be picked ato ka, hard and sound, with sharp, square edges, thoroughly 


well burnt, and of a uniform tinckness. Whin any new form of bricks or terra-cotta orna- 
meouts are used, they nust be so made as to werk iu bond, and in course, with common bricks; 
for it must be r membered tiat the bricklayer has to use them, and that, consequently, if thr y are 
of a “irl ema wake, it # moro than probable that the proper fixing of thom will not be 
atteniled to 

The bneks should be well wetted with wator just previons to being laid, in order to prevent their 
abeorbing the moisture of the mortar tov rapidly. The joints of the brickwork should be well 
flushed up with mortar every course, this 1s much tu be preferred to the ordinary mc thod of grouting 
every two or three courses, grouting being fluid mortar, whicli as the water dries out 
porous, and uently possesses but little aliesive power. The work should be bevelled and 
plumbed every 3 r or oftener, in urder that the batter muy be preserved perfec tly regular. 

Furnace shafts should be lined with firebrick to the extout of 10 ft. at the least above the 
a: from the furnace; the lining should not be tied to or made to support the brickwork of 

shaft, but be constructed indepeudent of it, #0 that the lining may be cut out, taken away, and 
replaced, without endangering the structure. Moreover, a space should be left between the two of 
at least half an inch, to permit the interior flrebrick lining to expand without disturbing the 
mam exterior walls. 

Welsh Dinas brick, consisting of nearly pure silica, is the only material of those practically 
available on a largo scale, that has found to rest the intase heal at which ee elting furnacy 
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are worked ; but though this material withstands y the temperature required for the fasion of 
the mildest steel, yet it will be melted coy e furnace be pushed to a still higher heat. A# 
the gas flame is quite free from the suspended dust, which is always carried over from the fuel by the 
keen draught of an ordinary fornace, the brickwork exposed to it is not fluxed on the surface, and 
padually cut away, but fails, if at all, only rani f absolute softening and fusion throughout its 
mass. Stourbridge brick, for example, after being exposed for a few hours to the heat of the 
steel-melting furnace, remains quite on the and is little altered even in colour; but it 
is so thoroughly softened by the intenso heat that, on attempting to take it out, the tongs press into 
it and almost mect, and it is often pulled in two, the half-fused material drawing out in long strings. 

Ordinary mortar is formed of 1 by measure of Dorking greystone lime to 3 parts of 
sharp river sand. When it is desirable to have a quick-setting mortar of great strength, it is 
customary to use Portland cement and sand, in the proportion of 1 by measure of cement to 
2 parts of sand. Ccment should not be used new, as it improves with age, if kept from moisture; 
while, if used new, it is apt to expand. Lime and cement should not be mixed to form mortar, as 
the lime hardens slowly and the cement quickly. The crushing weight of Portland cement is very 
grent; at the expiration of six mouths, after being made into a mortar of 1 part of cement to 2 of 
sand, it requires 1 ton a sq. in, to crush it, and about five-eighths of the crushing weight to produce 
the first crack. 

For the making of ordinary mortar, Dorking greystone lime is the best; but where a more 
hydraulic lime is thought desirable, blue lias lime 1s generally used. The more hydraulic a lime, 
the leas sand it will fake up when made into mortar, blue lias lime being completely spoilt by an 
excess of sand ; it requires but littlo watur to slake it, and after being wetted it should be made into 
@ heap and covered with sand. If previously ground, a good practice is to spread it under a shed 
nome little timo before it is required for use, and to slake it by the moisture of the atmosphere, 
Blue liaa commences to set in ten to fifteen minutes after being made into mortar. 

All tall structures, as we have already remarked, should depend as much as possible on the 
cohesion of the materials, and gravity, for stability; and when iron bands, iron cramps, or stays are 
uscd, care nust be tuken so to apply the metal as to run the least risk from contraction or expansion, 
It is customary in erecting chimney shafts to use hoop-iron bond every ten courses in height, one 
strip for every bulf-brick in thickness of wall. The iron should be well tarred and afterwards 
covered with sand, to give a rough surface to which the mortar may readily adhere. In footings, or 
in thick walls exposed to great strains, strips of hvop-iron should be laid diagonally, interlacing 
with those laid in a longitudinal direction. 

The depth of the foundation in compressible ground ought not to be less than one-eighth the 
intended height above ground, and oftentimes one-sixth would be better. The base of the founda- 
tion ia made at least one-half longer than the base of the shaft, and it is placed as low as the base 
of the foundation of any adjoining wall or building. In doubtful foundations 1t should be placed 
lower than tho foundations of adjoining buildings; for where this is not the case there us riak of 
accident to tho shaft, av the smallest irrogular settlement would cause a break in the structure. 
An unequal foundation, part soft and part hard, 1a bad; and a compressible foundation of clay 
marl, or shale, unsafe. It is therefore often neoussary to enlarge the area by spreading the foot- 
inga, or by using inverted arches to distmbute the weight. 

The following particulars will show the amount of care and caution which is required to be 
taken when erecting a chimney shaft near to any deep oxcavations. At the London Docks a high 
chimney which was erected near the pumping engine house, stoud on a equare of concrete of con- 
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Romo time after the chimney was built, the plumb-bob showed that the shaft had inclined several 
inches towards the excavation, A quantity of limestone was therefore stacked round tho base of 
the chimney, on the opposite side to the inclination, and this brought the shaft back to the 
perpendioular; but had the shaft not been brought back to the upright, the first gale of wind would 
probably have blown it down. 

When conorete is employed to form a foundation, it should be spread over such an arce that it 
may be sloped at an angle of 45° from the outside of the footings of the walls, down to the bottom 
of the foundation; and of such a thickness that it will not be hable to crack under the pressure to 
be put upon it. The proper thicknos will of course depend upon the nature of the ground ; 
whether rock, gravel, clay, or sand. Asa gencral rule, a concrete foundation of not less than 1 ft. 
6 in. in thickness 19 adopted for shafts not cxoveding 40 ft. in height; an extra 4 in. being added 
for every additional 10 ft, Acoording to thia rule, a shaft 100 ft. high would have a concrete 
foundation $ ft. 6 in. thick ; and for one 200 ft. high, the foundation would be about 7 ft. thick. 

Care must be taken in putting in « concrete foundation, not to carry on the work during frosty 
woather, as then a layer of concrete does not become thoroughly apie sobaage with the previous 
layer. Neither does propor mixture take plice unless the mecting surfaces are kept rough, and 
free from aaud; but by sweeping off all sand, and, if necessary, picking the face in furrows, and 
by breaking joint with tho layers, water will not rut through the mase. 

Whon conorete is not exposed to the direct action of water, it may be made with Dorking grey- 
atone lime, in the proportion of 1 of d time to 8 of ballast. This lime carries more sand then 
lina, and is but feebly hydraulic, If the aocil is wet, or the ahaft is of great weight, the concrete 
should be made with hydraulic lime. With moderate hydraulic and common limes there will be 
an ex on of the mixed concrete, consequent on the slaking ; and this expansico should pony 
be allowed for in the site for concrete, as it is seldom that the slaking is wholl 
accomplished before the ouncrete is laid. Blue lias concrete will, in hot weather, expand as modh 
aa one-thirtieth of its bulk, and in frosty weather, about one-fiftieth ; when the expansion exceeds 
one-thirticth, the concrete is too rich in Hime. 
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As a mass of lime concrete scts slowly, and is subject to expansion in setting, the modern 
"Penotice mal important works is to use Portland cement instead of lime, os the former doos not 
, and the concrete produced is also stronger. According to the result of a series of 
experiments, made by Crawford, for the purpose of ascertaining the beat description of concrete to 
be placed round the foundations of tho river piers at Gorlitz, Prussia, the proportions must suitable 
pools gery ® quick-setting hard concrete were found to be as follows. 22 parts of coment, 22 of 
and 56 of stones broken to pass through a 2-in ring 
The footing is an enlarged portion of the wall, Fig 281, for the purpose of distributmg the woight 
over the foun » it 1s properly s portion of the wall and not of the foundation, though it is not 
always easy to draw the lme between them oa; 
The size of the footing: and the mode of formin 
the increase to the thicknees of the wall, wi 
depend upon circumstances and the materiale 
employed. For brick footings the projection of 
the bottom of the footing, on each side, should 
be at least equal to one-half of the thickness of 
the wall at its base, the diminution in width 
of the footing should be mado by regular insets, 
and its height from top of foundation to hage of 
wall, at the least equal to one-half of the thick- 
ness of the wall at its baso § Applying this rule 
to the case of a shaft having walls, at ita base, 
24 bricks thick, then the bottom course of the 
fonting will be five bricks thick, that 18 to say, 
23 bricks under walls and a projection of 13 
brick on each ale  Two-and-a halt bricka 
being about 22 1n in length, one half of this 
length, namely, Il in, will be the haght from 
bottom to top of footings, or say four courses of 1, ASSN 
bricks, with } brick mect on cach side of wall to HW uy Fo ER Sth eMC 
each course = Whin a shaft is to be over 100 ft moarene 5 an} nine ae 
high, :ucrease the height of the footings, making “toll Pg: 
it equal the thickness of the wall at ite base Same tert 
oa ig means the insets may be made double =~ yh | Weeer ii! S 
with less chance of splitting. and tho waght — ice RRROteet Laois 7 Summer, Rien 
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more gradually distributed over the concrete <u free 
foundation ° 

In crecting a chimney shaft, eape ally when tall, the eeaffolding should be carried up without 
@ putlog hole in the shaft, that is, 1t should bo perfectly independont, ao ay not to interfere with 
regular acttlement ‘This can be managed by cross braring on each side of the scaffolding, and 
angle ties to stcadv the whole Chimney shafts when of sufflciently Jarge diumoter, are generally 
erected without the aud of ext mor waffolding the workman supporting himaclf upon ao platform 
or staging constructed upon supports fixed on the imeide of the chime Horizontal tron bara 
are often built into the inside, they are placd about 18 in apart, and hon whkind of ladder by 
mocans of which a workman can ascend a shaft to execute 1 pairs 

Lightning rods should be made of the very best con lueting material, and of a mze sufficient to 
earry off the heaviest discharge that 16 cver likely to fall upon them = Tho only two conducting 
metals which can be dealt with im practice, are copper and iron With regard to the relative 
conducting value of copper and iron, it was formerly considered that if a rod of copper of given 
size be found to be sufficient, then an iron rod, to be equally aafe, ought to have eight times the 
sectional arca of the furmcr, but Brough has provod that the emnuparative acctional duncnaons 
need only be as 8to3 A barof metal im the form of « flat mbbon has been recommended trom 
purely mechanical reasons, because in thie form it is more casily bent, more conventontly attached 
to the building, and 1 less conspy uous than when in any other form 

The chuf conditions to be obm rved ina hghtning conductor arc, that it shall be of sufficicnt 
sectional area, that it shall be continuous, and that st shall make pol carth contact It in upon 
tho perfection of this ground connection that tha value of the lightning rod mainly depeuds If 
this be defective, no other good features can posmbly muke up for it 

The end of the rod should be made to termunate in 4 layer of snl that ls permunently wet, and 
1t should ex to this soi] as @ surface as ponsihle 

As it 18 important that the end of the rod should be in wet, mot oarth, it is advimble to sink 
the earth contact of the lightning rod when the foundations sre being putin A short portion of 
the stem may be allowed to rue above the ground, and the conductor attached subsequently, 
Ground ruds should have two or more branches penctrating the earth, and should extend below 
the foundation walls, Where it w difficult tu reach motst earth, the rods should be embedded 
in charcoal or coke. 

The l:ghtoing rod should be attached directly to the shaft, staples of stout wire being generally 
used for P , the top of the rod need project but slightly above the top of the shaft 

When a shaft has fallen from the perpendicalar, through ert ing subsidence in the foundation or 
other cause, it cag rig wed bo restored to an upright position by sawing back, the method of 





performing which best understood from the following account of the straightening of the 
owneend chimney shaft ,— 

This Waa, 1p ber 1859, shortly before ite completion, struck by a gale from the 
north-cast, by w it was 7 ft 9 in. out of the perpendicular, and was several feet leas 


in height thao before it swayed , but when brought back to the perpecstirnier Spain peated 
A 
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height. The deflection ay ean air geal clog the ground, so that the foundation and, 
oe remained firm ; but had not the process of sawing been commenced promptly and 

vi y, the chimney would have fallen; fur during the earlier part of the sawin# 
back the deflection was observed to be gabe but as the operations progressed the deflection 
was checked, and the chimney gradually came back to its perpendicular position. The sawing 
back was performed by ten men working in relays, four at a time sawing, and two pourmg water 
on the saws; the work being curried on from the inside on the original scaffolding, which had not 
been removed. Holes were first punched through the sides to admit the saws, which were wrought 
alternately in each direction at the same joint on the side cepcnite the inclination, so that the 
chimney was bronght back in a slightly oscillating manner. These saw-cuts were made at twelve 
different heighta, namely, at 41 ft., 81 ft., 121 ft., 151 ft., 171 ft., 189 ft., 209 ft, 228 ft, 240 ft, 255 ft., 
277 ft., and at 826 ft. above the ground line. The men discovered when they were gaining by the 
saws getting tightened by the superincumbent weight. 

Tho ent to this shaft was due not only to the action of the gale, but also in a great 
measure to the manner in which the scaffolding had been erected, nu provision huving been made, 
to allow of its yielding to the pressure which might be caused by any slight settling down in the 
masa of the chimney, and consequently the pressure which was thrown by the wind on the lee side 
of the stalk, the mortar of which had not mo aoclidificd, was too great for the scaffolding to 
bear, and caused the splice of one of the uprights to give way. The construction of this scaffoldin 
is shown in Fig. 822; bare the uprights; a thick planks which wero bolted into the uprights aod 
extonded through the walls ov each side; these planks, which formed the scaffolding, were placed 
about 5 or 6 ft. apart vertically, and were tightly built into the walling, 
but had a little s been left over cach, the stalk would probably have oa 
subsided uniformly, and withstood the gale; but this error in 1ts coonstruc- 
tion was not observed until it was too Jate to remedy it. c are the hutches 
for raising mon and materials, one ascending and the other descending. 

Tho following is an account of the method adopted for strughtening 
the lofty chimney shaft at Matthews and Son’s Chemical Works, at lVitch- 
combe, Gloucestershire, which had fallen considerably out of tho per- 
pendicular, but which was ,restored to its original position by a sume- 
what novel process. The erection of a new stack would probably have 
cost something like 800/.,, whereas this was straightened at about a tenth 
of that cost, and is now stated to be in as good a condition as a new one. 

This shaft is 182 ft. high, and was built in 1862. It had gradually fallen from its upright 

ition, and when tested in 1875 it was found to be 8 ft. 10 1n. out of the perpendicular. H. J. 

aylor, of Nailaworth, undertook to restore it to its cabaret amp by @ process requiring no 
seaffulding, and he accordingly commenced operations, assisted by three workmen. The chimney 
is of an sy aoa shape, and the means adopted for straightening it, was to cut out one course of 
bricks from five of the sides, and to insert a thinner courme in their place, and then lect the chimney 
fall back upon tho latter and #0 pull itself upright, For this purpose a platform was erected about 
40 ft. from the base, and the chimney, which at this point was about 2 ft. in thickness, was cut 
through by means of hummers and chisels. Ag the bricka were removed from each side, a thinner 
course was substituted, and the intcrvening spaces were filled with iron wedges, This work lasted 
for about three weeks, during which time the weathor waa most unfavourable, the chimney, however, 
atood through it all, and when everything was in readiness, the wedges were withdrawn and the 
was brought to within an inch or two of its perpendicular position. It was calculated that 
in, would bring over the stack 7 in. at the top, ao that 1t had to be let down about 1} in., and had 
his caleulation been exo eded by } in., the stack would have been brought over too far. 

After the sudden accident to the top of the Northfleet chimney, which occurred on October 2, 
1873, about 100 ft. still remained standing, The upper portion of this length was in a shattered 
and dangerous condition, the walls having been cracked, as it appears, by the fall of large quantities 
of brickwork down the inside of the chimney, where they struck on the series of horzontul timbers 
which still romained in the places where they had been used to support the scaffolds. As each 
timber was struck, it doubtless bent with the blow, and the pressure of its ends aguinst the bnck- 
work, combined with the vivlent jarring produced Wy the full, had given rise at many points to 
small but easily peroeptible fissures in the walls. The lower part of the shaft, as far as could be 
ascortained, was sound, and it waa therefore proposed, if possible, first to throw down the walls as 
far aa they were iu a dangerous state, then to down the slightly injured part by scaffolding, as 
before, from the inside, and finally to begin building again from the sound part towards the bottom. 
Charges of compressed guncotton were used, and were electrically exploded in the interior of the 
chimney. Tho firet did not prove powerful enough to be of much service; a somewhat larger 
charge was then exploded higher up the shaft, and though this proved insufficient to throw down 
the apparently dangerous portion, it rent the walls from top to bottom; here was then no 
object in leaving any part of the work standing, and a third skilfully proportioned charge was 
fired, which caused the whole structure, with the exception of 30 or 40 ft. at the base, to sink down 
slowly and ulmoat vertically, into a heap of ruins. No injury of any consequence waa done to the 
surrounding buildings. 

It is sometimes necessary to take down a shaft in a crowded bourhood, where it is im 
alble t loosen the bottom and let it fall. In such cases a scaffold is erected and the shaft 
down pisoemeal. An ingenious t for facilitating the taking down of an old chimney 
shaft, was employed a few years ago at 7 cig Orton. Pease and Co.'s works, Middles 

An air-tight iron box was pleced at the of the chimney, this box being fitted with an 
air-tight door, mounted on hinges and at on an indiarubber face against which 1t was tightened 

wedge. A fixed on to the top of the box and carried up to the tep of 
in. inside, and was made of planks 1) in. thiek, well 
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“nailed together, with a little white lead on the thus making the spout perfectly air-tight. 
The spout was made in about 12-ft. lengthe, pita ptr by cast-iron sockets or eal 
caulked round with tarred yarn. A few stays were put maide the chimuey to kc ep the apout steady, 

ni were nailed upon it by which the men could ascend. The spout being internally ¢ in. 

larger than the width and thickness of a brick, the bricka were partially cushioned in their fall and 
arrived at the bottom without any damage, As soon as the box was full, tho man at the bottom 

nalled to atop, and then opened the air tight door and removed tho bricks which had come down; 
this being done, he again shut the door and signalled to go on again. The man on the top lowered 
his own acaffuld, and as the spout got too high, out a piece off with a saw. If thero was much 
mortar adhering to the bricks, it was knocked off before putting tho latter into the spout, and it 
waa allowed with any small preocs to fall insido the chimney. The plan is certainly simple, and 
may he employed with advantage in many plac s. 

The foltowing is a deacription of the Townsend chimney, at Port Dundas, Glasgow, built by 
Robert Corbett, of nee p ee 

The total height of the shaft from foundation to top of coping is 468 ft., and from ground lovel 
to summit 454 ft.; the external diameter at the ground line being 82 ft, and at the top of cope 
12 ft. 8 in. The cope is of vitrified tile, if was made exprossly for the chimney, each pieco being 
about 9 in. wide by 3 in thik; it is flanged over the wall of tho shaft in the 
manner shown in Fig 823, and it is cemented at the jyomts with Portland coment. 

The foundation, which consists of thirty courses of brick on edge, the lowest course 
being 47 ft., and the topmost course 32 ft in diameter, was oommenced on July 30, 
1857, and it waa finished on August 20 of the same year. No piles were used in 
this foundation, as the shaft is built on tho blue till or clay, which is aa solid and 
compact as rock. Qn the completion of the foundation, the ereotion of the shaft 
was proceedod with until November 11, which closed the first season; but the 
work was suspended during the interval between Beptember 3 and October 5. The second season 
commenced on June 10, 1858, and cloved on October 16 at which date the stalk had attained a 
height of 228 ft The third and last season commcnoed on June 3, 1859, and the coping was latd 
on October 6 of the same bia » but the work had been suspended from September 15 to October 5, 
in conaquonon of the chimney swaying, and durmg this interval it was restored by twelve 
cuttings with saws on the eile opposite to the inclination, in the manner previously desoribed, 

Tho made liming or cone 1s Yt Gin firebrick, and 1s about 60 ft in height; it uw built distinat 
from tho chimney proper, with an aur-spaco between, and is covered on tho ve to provent dust 
falling in, but it 1 built with open wail in the upper fuur courses, so as to allow of air passing 
into the chimney 

Tho size of the bricka used in tho construction of this chimney was 10 by 4 by 3§ in.; thoy 
were made specially for this shaft, and the number consumed was as follows ,— 





Common bricks in chimney &. wa - ae -B » 1,142,582 
Composition and firebrickuin cone... «ew = 57,468 
Total.. ..  .6 « + eo 1,800,000 


The bricklayera’ time was :— 
In 1857—316 days of 10 hours each. 
» 1858—431 i is 
» 1859—425 ” os 


ae total of 1171 days’ time occupied in building the chimugy, or an 
average of 1110 bricks built by each bricklayer a day of 10 hours, 

Besides thig number of bricks used in the chimney, there were also 100,000 uscd in con- 
structing the flues; the total number of bricks laid in chuuney and fluos being 1,400,000, tho 
we ght of which, at 5 tons a thousand, eyuals 7000 tons 

Tron hoops were built mito the thickness of the shaft at intervils of 25 ft in height, at the 
battom they were put ata distance of Yin from the outer surface of the walling, and at the top at 
44in. from the surface 

The thickness of the wall of this chimney varies as follows, commencing at the ground level ;— 


The First ee 30 ft in height, is 5 ft. 7 1n. thick, 


Pa nd 4 = Ba tt a Sft 2in , 

» Third , 80 ft. a 4m 10m. ,, 

» Fourth , 40%. = 4ft. 5m , 

» Fifth »n 40 ft. “ 4ft. Oin ,, 

» Sixth , 40 ft. . Sft. Tin. ,, 

» tventh , 40 f% = Bf 2in, » 

» Eighth , 40 ft. S 2ft Om ,, 

» Ninth, 40 ft. - 2ft, 4in. . 

» Tenth , 52 ft. +s ft llin. » 4 
» Eleventh, 52 ft. ie lft. Zin. ,, 
» Twelfth , 2ft. *s lf. 2in. ,, 
Total .. .. 454 ft. from ground line. 

The height ly contemplated for the chimney was 450 ft.; bot when about 350 ft. up, it 
was proposed Hat pach 35 ft. to the vol, ap hight, making the total height 485 ff; hence the 
ght of the tenth and eloventh sections; on the completion of the eleventh section, 


[ 


he: 
thisidea was abandoned, and therefore only 20 ft. were added of the last thickness, 
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The concrete chimney shaft, Figs. 824 and 825, was erected in 1878 for the River Wear Com? 
missioners at their chain testing works, at the S@uth Docks, Sunderland. The shaft is carried 
up square until it is well clear of the roof of the testing house, the outside dimeusions being 7 ft. 
6 in. by 7 ft. 6 in. by 22 ft. 3 in. in height, and the interior dimensions 4 ft. square; the whole of 
this portion is lined with 9-in. firebrick. At this level the corners are ually taken off the 
square base until, at the hoight of 24 ft.9 in. above the surface of the ground, it is brought into the 
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nal form of the tapering portion of the chimney. This octagonal and tapering portion of the 
shaft, in which the difficulty of tho work chic fly centred, was moulded in the following manner. 
Panele 8 ft. in height, Figs 826 and 827, were formed of 3-in boards, hinged together ta pairs at 
their outer edges, and these pancls were 80 proportioned that the lines of their outer edgea, when 
rod uced, into one poliggin the centre at half the hoight of this section of the chimney; the 
ntermediate i being m p by a wedge piece. These panels were placed on the inside and 
outaide of the chimney, and the concrete poured in between them. After the concrete had set, 
the wedge pieces were taken out and reduced, to mect the decrease in size on the next hft due 
to the batter; the amount of this reduction being just sufficient to take off, on one side of the 
wedge pisos, the holes for the stud bolts, which connected it to the upright members of the frame, 
When the stalk of the chimney had been carried up to the half of its full height, the panels were 
sufficiently reduced to admit a second set of intermediate wedges, of exactly the same dimensions as 
those introduced at the level of the base mould, thus bringing the inner edges of the reduced pan 
into one at the centre of the top of the chimney, in a manner similar to that in which, at their 
original dimensions, they had been soir sh together at half ite height, and ao affording a test of 
the acouracy of the work; for the a ts being 6 ft. in length, and always being moved with 
the Let which were F seachier salt = height, the former hid a peared hold of 3 ft. on a 
com pane work, a y arrangement oe, was ensured. 
chimney when eted was stuccoed with cement, and drawn in courses to imitate stone. 
The concrete was mixed in the proportion of one part of Portland cee ere erere 
Tee heey OT ee to 831, was erected in 162 at the works of the 
litan Gas Company, on. Fig. 828 is an elevation, . 829 a section, Fig. 830 a sectional 
at th groand level, and Fig, 881 a crose section ‘at level of the top of the buttresses. 
vonstructed with a aquare flue, 5 
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“bottom to top, the fizebricks being built in with the stocks, in alternate courses of headers and 
@retchers, ao thet this lining is alternately 9 @ and 4} in. in thickness. The number of bricks | 
wed in the construction of the shaft was about 80,000 ; its total height above the ground level being 
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108 ft. The cap is of cast iron, and weighs 2 tons; and the top of the 
chimney is finished with a copper rim one-eighth of an inch thick. 

Another design of chimney shaft ia Figs, 882 to 837, This ia crectod at 
the West Philadelphia Workshops of the Pennsylvanian Hailroad, U.S. ; 
it is 121 ft. Sin. in height above the ground level, and is built of brick 
upon # stone foundation, the cap being of cast iron. In plan the shaft is an 
elght- ointed star, resting upon a circular base: the points of tho star aro 
built hollow, and are provided with air-openings at the top and buttom of 
the chimney. An inner lining, 44 in. thick, runs from bottum to top of the 
flue, but is not bonded to the rest of the brickwork; and this lining to 
about a fourth of ite height is of firebrick, Fig. 832 in an elevation, 
Fig. 833 a sectional elevation, Fig. 834 a plan at top of circular base, 
Fig. 835 a section at about 20 ft. abvve ground level, Fig. 836 a 
section just below the springing of the cap, and Fig. 837 an enlarged 
section of the,cap‘and corbelling. The diameter of this shaft is at its baso 
18 ft.; at the springing of the cap, the corbelling of which commences at 
102 ft. above the ground level, the diameter is & ft. 9 in., and the extreme 
see gg a a alae 
pendicular, being 4 ft. 

COAL CLEANSING AND WASHING. 

The proportion of large coal to anall which is obtained from any seam, varies, under similar 

i in inverse proportion to its bardness; with bard-steam or anthracite, this 
be small, but with the rich bituminous coals, the proportion will often be 
as high as 50 per cent. of small, while in the Belgium coal-fields, where the coals arc very the 

of averages only about 40 per cent, and often as low es 30 per cont. of the 


fee quantity hol eel any gel bine ater AA reir is 


is chemically and intrinsically as valuable as an article of fuel, 
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large, the only difference being in the cal conditions under which it exists. But’ 
sent to bank this duff or slack, as it is tech y called, through carelessness in leding the 
and from other unavoidable causes, generally contains a large percentage of impurities, such 
as shales, iron pyrites, carbonate of lime, and carbonate of magnesia, which render it totally unfit 
for use, either in blast furnaces or other metallurgical operations, or for the manufacture of coke ; for 
all of which it is — that the coul shal) be of as pure a quality as possible. 

Several pians have from time to time been devised for effecting the separation of these impurities 
from the coal; but most of them have failed to accomplish the object suffigiently well, without 
incurring a considerable waste of fine coal, heavy cost in wages, and the fouling of a large quantity 
of water. This lust objection has been a very serious one, and in many places, on this account 
alone, coal washing has abandoned, consoquent on legal proceedings having been taken against 
sollleryyproprictors for polluting the streams; but by filtration this objection has to a great extent 

overcome. 

The oldest method of coal washing, which is still largely employed in the Lancashire, Yorkshire, 
and other north of England districts, {is the sloping trough, which consists of a wooden nay bs 200 
to 500 ft. in length, and varying in width, in different dlstricta, from 18 in. to 8 or 4 ft., and having 
an inclination ranging from 1 in 70 to1 in 48. The coal to be washed is fed into the upper end, and is 
gradually carried forward by the action of a continuous stream of water. At intervals of 10 to 30 ft. 
eteps or traps, about 8 or 4 in. high, are placed across the bottom of the trough, to intercept the 
pyrites, shale, and waste, which, by their superior gravity, fall to the floor of the trough, the ific 
weight of shale begat 2'7205, and that of coal but 1°4696, and when these traps get filled up, a 
slide or door immediately underneath is opened, and the impurities drop out. en the coal 
reaches the bottum end of the shoot it passes dver a perforated plate of copper or zinc, through 
which the greater part of the water passes, reg be with it some of the finer particles of the ooal. 
From this plate the coal is delivered into tubs, having perforated bottoms, in order to allow as much 
of the water as possible to drain away. This water, together with that which draiue through the 
ote at the end of the trough, flows into catch ponds or settling pools, in which the fine coal 

mes deposited, and from which it is periodically removed, and conveyed to the cuke ovens. 
These ponds are generally from 20 to 30 ft. square, and about 4 ft. in depth. Sometimes, instead of 
the traps, square holes are left in the bottom of the trough, and below these openings boxes are 
constructed, in which tho impurities collect in the same manner that they do behind the steps, and 
er Aaya he Mi eirepl hes rare Air lei Mest ote eee sisrousti 
6 length of trough over which it will be necessary to pass the order to t y 
wash 1t, as also the amount of inclination which may be given to the trough, will depend upon the 
nature of the impurities; that is, upon the difference between their specific gravity and that of the Fa 
For instance, when there is a large proportion of shale, it will require to be passed over a é 
trough having a heat Hct angle, but when the impurities consist mainly of iron pyrites, the lengt 
of tho trough may bo considerably reduced, and the angle of its inclination increased ; so that a 
he uantity of the latter coal would be cleaned in « much shorter tume than the same quantity 
of the former. 

The coal-washing apparatus employed at the Inoo Hall Colliery is constructed on these prin- 
ciples, and consists of a line of spouts attached at one end to the slack or duff hopper of the nut- 
screening apparatus, which are continued to each row of coke ovena, or if necossary to each oven. 
By means of valves worked by an attendant, who is stationed near the coke ovens, water and slack 
are admitted, together or separately, as required, into the spouts at the end attached to the nut- 
acreon. The distance from the screens to the ovens is about 600 ft., but this distanoo could have 
been doubled with advantage. 

Tho spouts are as follows;—From the screen for a distance of 275 ft. the trough is 
about 10 in. by 10 in, inside, and is fixed with a fall towards tho ovens of 1 in 18; the next 40 ft. is 
10 in. by 10 in. with a full of 1 in 24; and the next 70 ft, 23 in. broad by 10 in. doep and falling 1 in 
24. ese spouts are supported by single upright poles which are placed at intervals of about 60 ft. 
apart, the centre of vach length of trough being held up level by wire-rope suspenders or guys, 
acco from pole to pole. n the manner shown in Fig. 838. Ata point 326 ft. from the - 
ecreen there is a valve in the bottem of the trough, which when opened | the slack being previously 
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The quantity of Arley Mine slack washed daily is 120 tons, yielding about 6 per cent. of refuse ; 
othe ent of water required being about @0 to 90 gallons a minute. The attendance to the 
washing department costs three shillings a day, or three-tenths of a penny a ton on tho slack. 

The advantages of this mode of washing amall coal are amplicity of arrangement, the chief 

uisite being a copious supply of wuter, economy in first outlay, and in oost of working and 
upholding, the spoute, dams, and valves bemg simple in design aud not difficult to keep in order. 

ere is also & considerable eoonomy in the carr of the slack by water as compared with 
ordi modes of transit, the differenoe in this case being greatly in favour of this arrangoment; 
it is efficient, the cleansing of the coal Gps iia baa and the quality ef the oake greatly improved, 

In an example of coal washing on the above system in Wales, the length of trough over which 
the coal passes is only 240 ft.; tho quantity of coal washed a day is 7U tone, from which about 
8 per cent. of shale is removed. The ooet in labour iv oqual to about three farthing» a ton. In this 
case the water required for washing the coal does nut require to be pumped ; when this is not the 
case, the cust of pumping will considerably morease the coat of washing as here given. 

Morrison's coal-washing machine consists of a cast-iron cistern 5 ft. long and 8 ft. 6 in. wide; to 
the back end a cylinder is fixed, in which works a pieton, and this cylinder 18 connected at the 
bottom with the inside of the cistern. The front end of the cistern is made lower than the back, 
end it is fitted with a spout for conveying the washed slack to the waggons. Towards the top of the 
cistern is a false bottom composed of a perforated plate of copper, which 18 BUpported by a cnat-iron 
grate; this false bottom is stopped short a few inches from the frout end of the elstern, and over 
the opening thus left there is a aoe extending from sido to side of the vessel, which can be 
lifted by means of handle; and this plate rests partly upon the falswo bottom. Tho water to the 
meenie is supplied by a pipe and ouvck, and mects the coal to bo washtd as it desconds from the 
spou 

The cistern being filled with water, and the material to be washed resting on the porforated 
false bottom, the pec procating action of the piston in tho cylinder forces tho water through the 
perforations in the falve bottom, causing the heavier particles to descend to the lower parts of thy 
mass, while the pure coal, being lighter, remaing at tho top, and is carried by tho stroam of water ovor 
the front end of the cistern, down the spout, and into the waggons, When the dirt on the falag 
bottom has accumulated to a certain thickness, it is allowed to fall into the bottom of the otstern, by 
raising the slide or plate above described. In the bottom of the cistern is Atted a second slide, 
which is opened occasionally and allows the dirt to drop out on to the ground, and from thero it is 
filled into waggons and conveyed to the dirt-tip. 

At Coxhoe, Lancashire, the cost of washing, with a Morrison’s machine, was about three half- 
pence a ton. The percentage of lows depends on the purity or otherwise of the coals, and on their 
size. Duff, for example, of the lictton scam, loses about 22 per a ut., pea-smull and duff about 18, 
and rough small ell ad cent. 

Kingewood’s washer 1s a double Morrison, arranged ao that the dirt which falla to the bottom 
of the cistern, instead of being allowed to drop out upon the ground, is conveyed by elevators to 
® convenient potnt at the side of the machine, where a waggen can be placed to receive it. 

The principle objection to these machines consists in the intermittent action of the piston ; for 
while the downstroke forces the water up through tho perforated plates, and causes the watorial 
that is to be washed to be held in suspension, so thut the substance of the lighter apecifle gravity 
may be floated away, the upstroke creates a vacuum, and this brings the material down on the plate 
again. If a continued upward force were applied the machino would do double the amount of 
work, Asa means of overcoming this objection, it has been proposed to shorten the stroke of tho 
piston, or to run the same at s high spoed, whcre the latter is available. If the water were supplied 

rom a good head, through a series of small pipes, it would obviate the use of pistons, but more 
water would be required. 

Green and Bell’s coal-washing machine consists of a trough with a breakwater, and a door 
i at the bottom end of the trough over the refuse hole; and of a serivs of rakes which are 
worked by means of a crank, and a connecting-rud frum any motive power. Tho dams and rakes 
are lifted by a handle and bell-cranka, the fulcra of the latter being supported from spars; and 
the bottum of the coal and refuse spouts are each provided with wire gauze to allow the water to 
pass into the outlet. The coals to be washed arc put into the hopper, the dvor is opencd to admit 
the coals into the trough, and at the same time water is Iet in by opening a cock, the water 
carrying the coals along the troughs. Tic coal, aesisted by the action of the rakes, and boing 
lighter than the contained impurities, is carried along the spout, over the dams, and finally over tho 
end of the spout into the coal waggons. The foreign bodies are obstructed by the dams, and when 
these are silted, ap, the coal is shut off, and the rakes aro thrown out of gear by meaus of 6 handl 
which lifts the connecting-rod from off the lever of the ncking-shaft ; and the dama, rakes, at 
refuse door being lifted simultaneously by the handle and bell-cranks, the water washes duwn tho 

all the fureign matter, which falls through the refuse hole. 
t M , Dear Bridgend, Shepperd’s coal-washing machine is in operation; it is shown in 
elevation, Fig. 839, and in section through the washing and settling chambers, Fig. 840. 

The coal to be washed is delivered iuto « 1y A, from whence it is passed through a pair of 
rolls, and is then elevated to « screen B, by which the fine or dust coal is removed, and the 
remainder acreened into three sizes, cach size falling intos ny pease cumpartment, where it js washed 
by itself. The coal should bo washed as svon as possible after being raised, as the coal dust when 
newly raised is nearly all pure coal. The shales come out in sswall cubes, or flakes, which will not 
pass h the fine wire that allows the dust to escape; but if the cos wedded pair 

influences, the shales will decom a good deal of them be reduced to powder, and 
some portions dissolved; whereas when f bt hy alle short time during which the coal is 
cle dissolve shales, and they are passed off with the 
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a nga ss rae Sopte” X'le at et Se 
@ Waggon or hopper. ynvi Wor YS) water flows into a 
settling pond, to allow the fine coal to subside ; the water is then returned to the machine by a 


coutrifugel pump, and is used over again. In other examples of this machine, settling ponds are 





dispensed with ; a chamber D, Fig. 840, being added to the machine, and from this the water is 
returned for usc through the valves v without pumping. ‘The washed coal is passed from this 
chamber, by means of the endless screw 8, into the trough ©, and from thence it is raised by an 
elevator having perforated buckets, and deposited in the shoot KF, from whence it into the 
coal ns. These perforated buckets allow the water to drain from the coal and run back into 
the machine, and consequently there ia no discharge of 
foul water; and a very small quantity is therofore re- 
quired to keep the machine in action, only just enough 
to compensate for that which will not drain off from 
the coals. This arrangement removes one of the greatest 
objections to the use of coal-washing machines, z Ez 
After the scrocning and separating of the coal into [-] | ———— 
various sizes, the sluice valves F, through which the | 
rubbish pasaes, oan be regulated, so that the opening in 
each valve may allow it to pass out and not the » 2B 
would be the case if small coal and large rubbish were 
in the aame box, The shale is conveyed to the side of 
the machine by the screw R, and is vanirgel i into the 
tram from the shoot T. The quantity of slag or shale 
removed varies considerably, depending upon the 
amount mixed with the small oval, Fourteen per cent. 
has been removed by thia , Whilst the quantity 
of small coal which paaiel ewig with the shale was 
very amall, and in examining these particles it was 
found that they generally had pivoes of pyrites attached 
to them. The quantity of } coal carried off by the water, and collected in the settling ponds, 
varies from 5 to 8 per cant. of the totul quantity passed through the machine. 
It bas been found from experience that the smaller the coal the more dense the coke made from 
us it became desirable to attach crushing rollers, which in the case above mentioned 
ap ggg all the coal passes. It may be desirable to crush some 
fluer Sees, bet ene oes Cee oe ee een eee, Senge, te 
of the proper quantity of coal to compartment, the f-in. gauge 
has been found to answer the purpose best in the above instance. <A jigging screen also 
attached for the purpose of separating the coal suitable for each compartment ; the 
which the coals are separated are nuts, seconds, and ea division the quan 
water class 
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Howe, at the Clay Cross Collieries, that there is a great advan in so doing; for the oost of 
washing was there reduced from 16°38d. a ton of clean onal delivered from the apparatus, when 
the water was allowed to run away, to 12'Sd. a ton, when the water was used over aguin after 
having passed through the settling ponds. 

Figs, 841 to 843 relate to Shepperd’s machine for washing breeze and ashes, and is con- 
structed on the same principles as the coal-washing machine. Fig, 841 is a side elevation, Fig. 842 
an end elevation, and Fig. 843 a section through the machine. 
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The clean breeze at each stroke of the piston A, is carricd on to the perforated plute B, through 
which the water drains to the settling chamber C, and frum thence it passes through tho valve V, 
into the body of the machine D, to be again forced through the ashes; so that « coutinnous circula- 
tion of the same water takes placo. The clinker, as it accumulates on the falae buttum EK, is 
removed through a sluice in the sume manuer as the shale in the coal-washing machine ; it is then 
carried to the side of the machine by the action of the screw 8, and from there it is mised by the 
elevator F, and discharged; the Luckets of the elevator arc perforated. The clean broeze deposited 
on B, at each stroke of the piston, is removed by the brushes G, and passes down the shoot H tuto 

gon. The brushes G are so arranged that the breeze deposited on the plate by one stroke 
of the plunger, is cleared away by a brush before another lot is furced forward by a succeeding 
9 
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stroke; the perforated plate is thus kept always open and so ullows the water to drain quick] 
away. The quantity of water required to work this machine is vory amall; and the power fenilred, 
with screen and elevator, is only about 3 to 4 horae-power. 

Figs. 644, 845, and 846 are of Berard’s machine, Fig. 844 is a side elevation, Fig. 845 « front 
elevation, and Fig. 846 section. The conl to be washed is ed into the ond jp A, and from 
there it is raised by an elevator, making one complete revolution for every sevonty-four strokes of 
the and from which it is worked by means of a strap and wheel gear. By this elevator the 
coal is delivered on to the inclined plane B, into the four troughs C; each of these trougha is 6 in, 
wide by 6 in. deep, and has at its end an opening 10 in. long by At in. wide, which is situate 
Trapodtately over the centre of each of the washing compartments D. A stream of wator regulated 
by a Pin. tap washes the coal along cork tumah until it drops through the openings into the com- 

D, each of which is 5 ft. 3 in. long, 3 ft. 8} in. wide, by I ft. 6 in. deep ; the bottom of Dis 

of a copper plate J, in. thick, which is perforated with boles ,}, in. garage Aap 

from centre to centre; this plate is supported by the cast-iron frame E, to which it is fastened 
forty-sight ie. bolts; the plate G is to prevent the coal being washed too readily over the 

A pipg J, of 18 in. diameter, conveys water to the under side of the perforated plate, the q y 


864 COAL OLEANSING AND WASHING. 


being regulated the tap K. A piston P, 3 ft, in diameter, working loosely in the cylinder 
and ng age Ber 124 = communtoates through « 19 in. fil by 22 in. wide, nite ine 


under side of the perforated 
from an eceentne on the shatt 


ate; this piston makes 120 strokes a minute, and receives its motion 
M. The washed coal 1s conveyed by the shoot Q into the tram T’: 
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this shoot ie provided with a sine arp okies ey ot perforated with holes { in. in diameter, 
and ae el to drei aes eee 
ia a valve F, 38 in. long and 8 in. = 
lating the egress of the impurities; this valve is raisod ot lowered by means of the lover L 
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shale after through the opening at F slides down the inclined sid cham 

the valves O, whioh are from time to time opened to allow of its rae ie seuen over is 

nage _. a is narrated to at oboe ge eap; - its Passage over 8, any amall coal which 
passed a ora te, or been allo 

valve F’, is received in the tram T, and is asd Oe salening oe Seer ener e enn vee 


&4 6. 





_ The engine for working this machine has a cylinder 12 in. in diameter, 16 in. stroke, and makes 
sixty strokes a minute, with a steam prossure upon the piston of 33 lb. a aq. in, At this sprod tho 
machine washes 15 tons of coal, and requires 18,800 gals. of water an hour; 4400 i being 

uired to wash the coals along the four troughs, and 14,100 gula under the perforated plates; 
the level of the water in the reservoir being 27 ft. above the level of the pipe U. 

D being partially filled with unwashed coal, the water is turned on under the perforated plates, 
water also flowing along C and into D with the incoming coal; as tho pistons P dewend they force 
the water through the perforations in the copper plates, and so lift the whole mass of coul in D, the 
impurities descend and rest open the plates; und this action being continued the coal filla up D 
aud is washed over the ledges H, slides down the shoot Q into the tram T, and along the trough KR 
into the tram T’. These trains soon fill with coal and water, and as the coal continues to fall iuto 
them the water flows away over the top of the tram; this water is conveyed by pipes to # catch 
pond, 100 ft. lung, 6 ft. wide, and 2 ft. deep, where a portion of the fincr particles of coal curried 
away by the water is deposited ; after overflowing this catch pond tho water is caught inn second 
of the same dimensions, and from this it is allowed to flow away. When it is found that the shale 
has collected to a depth of about 6 in. on the bottom of D, the slide valve F is hfted by the atten- 
dant, and it passes into the chamber N. The loas of coal in washing is from about 10 to 12 per 
men \fasig weighed saturated with water; and thore is a further loss of § per ccnt. whcn weighed 

te dry. 

i The cost of working is about 4d.a ton. At tho Park Colliory, Tondu, 1860, they had washed 
1924 tons of coal with Berard’s machinery, at a cont of about 3°8id. a ton. The machine, when in 
full work, washed 200 tons of coal a day of ton hours; 6241 gale. of water an Lour passed through 
the catch ponds from the machine, aud each gallon of water contained on leaving the eutch pouls 
108°3 grains of impure coal in suspension = 92°2 lb ; the con) suapenderl in the water was spa- 
rated for examination and eatimnted by filtration, a portion was burned in the mufile and yielded 
25°91 per cent. of ash. The 92-2 Jb. of coal carried away by the water an hour, multiplied by 10, 
the number of hours which the machine worked to wash 200 tona = 022 Ib. and this divided b 
200, the number of tons of coal washed = 4°61 Ib. of oval carried away to the tou of washed con 
or 0°21 per cent. The fine onal left in the catch pund, was of a very impure quality, and oontaine 
as much as 10°13 per cent. of ash. The block or large cowl from which this stnall was separated by 
sercening contains 2°27 per cent. of ash, but in working the coal there becomes mixed with the 
small, from a ve of causes, a large quantity of rubbish, which raises the ash in the small coal 
to about 11 per The coal lost with the rubbuwh that is taken out of the bottom of the machine 
at the valves O, Fig. 846, is but trifling. 

Bivitre’s machine is shown in Figs 847 to 849; Fig. 847 is a longitudinal section, Fig. 848 « 
side elevation, and Fig. 849 a plan. It is au adaptation and improvement of several existing coal- 
washers. The body of the spparatua and the piston may be constructed cither of wood or of sheet 
iron; in the figures the apparatus is shown as it should be when mads of wood, and the piston of 


iron. 
The water is introduced below the screen or into the compartment of the piston, and the 
regulated ; the coal enters the hopper C, and the coal dust to be waslied between the grating T 
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and the slide K. of Drei sceny Aero sha ne yeast Pabecms rr puk dori ke hepa iy 
tities at a time, the gate K may be entirely raised, and the washing the whole length of the 
screen; if, on the contrary, the coal is supplied ly, or in quantities at a time, the 

should be more or less lowered, to the physical condition of the coal The grating 
breaks up the agglomerations of small coal; it is comb-shaped, and is formed of bars, which do 
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not penetrate the coals too much. The slide M, which 1s moved by means of racks in the same 
manner as K, increases or diminishes at will the thickness of the layer of coal submitted to washing 
on the screen ; thie slide forms its movable overfall, and extends the whole width of the tank In 
the compartment D, an endless screen d conveys the shale into the compartment D”, from whence it 
is carried away by an elevator D’, The shale passes into the compartment D by the openings d’, 
which are opened or shut by means of a slide working in grooves and moved from the outside by 
means of a handle d”, which forms the extremity of a guide rod, sliding in a stuffing-bor. The 
gtating N, in the tank E, serves to retain the floating refuse which would oo through the grating L, 
which corresponds with it, with the exception that the bars of the latter are wider apart. The 
partition O, which, with the exception of the sloping of the sides in the upper portion, extends 
over the whole width of the tank, facilitates in front the depositing of the small coal with the 
washed ooal, and prevents the elevator buckets ever becoming overcharged with washed coal, which 
may at times be produced in excess; its lowest position must be determined by experience. This 
partition confines the agitation produced by the eta; the openings » permitting the small coal 
ca naa aed ae ea but not to pass out, because there is no side current of water, or 
rather, because there is one which passes from without into the re poms aly emia 
water carried away with the washed coal by the buckets. The partition ¢ extends over the whole 
breadth of the washing machine; it is a little higher in i 
O, where it ia and continued by the separate of the elevator cage. e 
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aad the trough there are two compartments, F and F’. F receives the currentof water in 
on two sides; that which — through R, Fig. 849, is received by the o Pat 
R’, by an opening, which is above the bottom p, Fig. 847, and laterally under the 
bottom of the cage. is separated from F by the continuation of the partition which lumits the 
oom ent RB’, and bears a clack, which closes the pipe I. In the upper portion this compartment 
. > ae vraag: Rees tie = es au examine the valve to which, if needful, a 

u ; and for the 

baie av leg tenet oa game purpose the clack seating is fixed at 


49. 





When the piston B, Fig 847, is lifted, the suction produced opens tho clack valve, and a enrrent 
is established by the return water pipe I, from the tank FB, at the lower part of the tank A, 
under tho piston B and the screen a, When the piston deseunds tho pressure closes the valve ; 
the repelled water traverses the screen, lifts the coal, clasacs it, and carrios with it the upper 
layer of washed coal into the tank E, whero it 18 deposited, and from whence it 1 lifted by the 
chain buckets into the hopper G, under which the trucks are placed to be filled; this hopper is shut 
in front by a door hung on hinges, which 14 80 arranged as to be opencd at will, and can be shut by 
pulling a long handle when there 18 no truck below to receive the coal, which 1s thus thrown into 
the hopper for a time, and stoppages avoided. The position of the truck which receives the 
shale at the side of the washing machine is shown in outline in Fig 84s, 

As the production of the machine may vary, according to the nuturo of the coal which is being 
washed, the number of piston strokes a minute, the position of tho gates Ko and M, amd from 
other causes, pulleys of different diameters V, V" have been provided, in order to tnerenae or diminish 
the relative s of the cham buckets Kh’, and the same might be done tor the pulleys eof. 
The pulley V. which is attached to a loose pulley, reccives the power for driving the washing 
machine, and the shaft which carries this pulley and the cam J may at tunes be conve ni- 
ently made the driving shaft; in which case the apes y V would be useless, and the loose pulley 
would be by the side of the pulley V” or of the pulley V0 When it 16 desired to stop the work of 
the piston, without stopping the movement of the cam, the bolt y 1s drawn when the piston i at the 
bottum of its stroke, and the enck z is lowered. A speed of thirty to furty stokes a minute in a 
good medium speed for this machino. 

The gate 8’ 1s provided for ficcing the chain for lifting the coal when it haa become 
accidentally entanghd; it serves also to cmpty the tank KE when necessary, which, however, is very 
seldom. The gate S may s rveto empty the silt from the tank A, but most generally it is pre te rrod 
to let the silt accumulate in the tank, and then to empty the water through a bole, made below tho 
piston 1n the back of the washing machine, which 18 closed by a wooden plug. The watcr having 
run out, the door U 1s opencd, and the mlt removed and heaped amde, to he passed during 
working behind the special grating L. The gute ‘T serves to Gupty the compartment F. The 
emptying gates are aiktroliod: by means of a rod with serew and flyer, At the «end of the oom- 

ent F’ another small gate or opening ik placed, which is shut by a plug, and through which 
the water may be emptied from the tank A by means of the return water pive. When tho 
washing machine is built on masonry, it is well to have a canal H round it. In order to clean 
the return pipe I, one of the head joiuts is opened; the escaping water eleans it sufficiently, 
especial i the introduction of water into the washing machine is continued for a few minutes, 
and if the gilt ia stirred. It will avswer tho purpose simply to take out ne es of the 
compartment F’. In any case, in order thatit may be casy tu open and clon the head jouits, they 
aie kext shut by eyetolts and keys; but us this pipe does not get choked, it scldom requires 
cleaning. 
This machine is stated to work with great economy, and to produce good results. 

In Mareau!lt’s coal washer the body of the machine consists of a large vak tank, 6 ft. long 
10 ft, wide, and 24 ft. deep; open at the top and with sliding doors jn the bottom, by means 
which the slimes can be discharged without stopping the action of the machine. Above the tank 
an inverted hydraulic cylinder is fixed, to the piston tod of which is attached an iron caye, 10 ft. in 

t; the ends of this cage are left entirely open, the bottom being formed of an ordinary coal- 
ing sieve; on the closed sheet-iron sides there are fixed, one abuve another, a sories of 
horizontal ledges, on which slide three rectan woodetr frames, fitting a within the cage, and 
made like drawers without bottoms, the dep sbi iirc epargy ferty chan by the nature of the 
eoal to be washed. This cage slides between guides, which are from the top to the bottom of 
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the washing tank, between the slides of which and the cage there is a clearance space of less than 


tank being filled with water, and the cage fixed up in the top of the tank by means of, 
bolts at the sides, a charge of from 8 to 5 tons is let fall into the cage from a shoot placed over the 
machine, at a height above the top of the tank determined so as to ensure the whole of the stuff 
at once thoroughly soaked by falling into the water in the tank. In order to equalize 
the distribution of the churge over the whole of ita area, the loaded is first subjected to two or 
three jigs of considerable height, after which it is allowed to fall to the bottom of the tank bys 
ey succession of short drops, adjusted beforehand to suit the size of the stuff treated, and this 
height is capable of being varied as circumstances may require, from Fin. to 8 in., by regulati 
the escape of the water from the hydraulic cylinder from which the cage is suspended. At each 
drop of the cage the water passes through the sieve, in the upward direction, at a speed due 
to the restricted area of e and the relative weight of the immersed cage with its load; and 
the mass of stuff in the cage is thereby lifted off the sieve, or rather the sieve drops away from 
beneath it, while the charge remuins eegatrray | at rest; then all the separate particles of the 
chargo fall severally through the still water with their own individual limiting velocities, modified 
only by their mutual interference as in all washers. With a charge of from 4 ft. to 4 ft. 3 in. in 
thickness in the a total bruken fall of 10 ft. to 18 ft. through the water is poe safficient ; 
if, however, the tank should not be deep pay or the rihiaas Sae perfect, the fall can be repeated 
with the same charge, as many times os ney be necessary. the cage reaching the bottom of 
the tank, a few seconds’ pause is made to allow the largest of the minute light particles, which have 
not fallen so fast as the rost, to become deposited ae the charge. The cage is then drawn up 
out of the water, and fixed in position by the side bolts; the three sliding frames sucocssivel 
ushed out at the front by the action of a horizontal hydraulic cylinder placed behind them; an 
y these means the washed coal, the stuff to be rewashed, and the shale, are each discharged into 
a separate i On a level with the upper part of the washing tank is an overflow tank, equal 
in area, and ita depth 2 ft. 6in.; the object of this tank is to diminish the variation in the water 
level in the washiug tank, consequent upon the alternate filling and emptying of the oage: a 
return pipe leads from the bottom of the overflow tunk into the lower part of the washing tank, 
and this pipe is fitted with a floating cheok-valve, which opens downwards, so as to prevent the 
water from being driven upwards through it during the descent of the cage. The same water 
ia used over and over again, the only loss which has to be compensated for being the small 
quantity which is carried off with the washed stuff; and the whole of the water is drawn off and 
Peiewel, when found necessary, during the time that the spreraes is not at work. 
From 120 to 150 tons of washed coal can, without diffleulty, be turned out in a working day of 
ton houra, from a machine of the dimensions given, by one man; the power required to work the 
machine being about 1 horse-power, 
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The special characteristics which divido tho winning and working of coal from other modes of 
mining, are caused by it having usually to be won from below strata whose mineral character often 
occasions great difficulty, and from the fact that coal is nearly always met with in layers, and hag 
to bo raised continuously in considerable quantities; whilst the common occurrence of explosive 
and poisonous gasea requires peculiar ventilating arrangements. 

ho design and disposition of the surface works are arranged in accordance with the magnitude 
which it is intended the underground workings shall assume. In opening up a new colliery, the 
laying out of tho pit bank and the erection of the surface butidings will be carried on simultaneously 
with the preliminary opcrations below ground, in order that the requirements of the workings may 
bo met as soon as they are sufficiently developed to allow the output to be commenced. 

The pit-head gear is erected in connection with the fluors and staging by which the pit mouth 
is reached, and pon which the coal, as it is landed, is run out, veche and tipped. This staging 
is at such o hoight from the general level of the ground that au ordimary railway track can be run 
underne ith to reovive the coal tipped from the tubs in which it is brought to surface. It is not 
often, however, that the ooal is tipped directly into the trucks ur waggons; usually it is shot out 
upon ea ayatem of screens, by means of which the various sizes are separated. In such a case, a 
waggon is placed under each screen, and these waggons are run out and assorted as they are filled, 
But before the tubs are tipped they have to be weighed. Tho operation of weighing is effected b 
running the tubs on to a weighing machine, which for convenience may be placed between the 
mouth and gad gree: from which the tubs are tipped over the screens. r being weighed, the 
tubs are run out to the tipping points, where they are made to pass on to the tipping or teeming 
cradles, Fig. 850, ica are wrought-iron mounted Ca suse eat erie me A tubs while 
their contents are being ti over upon the acreens. 8 see that all of these 
ments admit of endless meiSoctions The pit-head gear usually stands ont in the open air; the 
ataging around the pit mouth is sometimes left exposed, and sometimes covered in by s light 
wooden roofing as a protection from the weather ; but as the sides are left open the is 
only partial. Upon the Continent, and especially in France and in Belgium, the whole of the head- 

r and the staging ie enclosed, so that the men may work in comfort during bad weather. 

. 851 is of a pit-hvad and accompanying staging, and 1 @ common arrangement in many English 


ieries. 
The engine house on the Continent is incladed under the same roof as the head-gear and the 


t-mouth ee ee eee y a central tower or dome; bat in 

pinout Be ulldi nthe position of which must be soleoted with reference to ‘con venience 
having to the opera: to be carried on at the surface. unl lose bodes cee 
there will be required an erection for the pemping engine, and several lesser as work- 


and offices, 
eases where coal washing is practised, machinery similar to that described at p. 360 of this 
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t, with the necessary erections, will be requ and whon a colliery 
| tt seem be conveyed away by water carlage, bs pie be works will at A oh. ale 
en thor omc eae soon inte the vessels Iving alongaide 
Other structures that may have to be provided are coke ovens. Whore the coal is of a uality 
that renders it suitable for een gn operations, a large proportion of it will be cony into 
coke for use in the blast furnace. booking tay be wantin n any locality, for steam and other 





i pinta and it affords a means of utilizing the small coal made in working. Rome variotics of 
coal are of a very tender character, aud it may become a commercial necessity to render it saleable 
by converting it into coke. In such « case, ovens will have to be erected, and these will require to 
be disposed in a convenient manner and in favourable positions relatively to tho pit mouth, and the 
points from which the produce is conveyed away. 

Besides the erections described, tho surface works include a system of tramways for conveying 
the produce from one point to another. In somo casos, this system will bo an ext naive one, aape- 
cially when coking is carried on Jargely. The surface tramways are laid with heavier ralln than 
the underground ; but otherwise they are the same in character. They should be laid out, or mther 
the points which they serve should be selected, ao as to utilize as much ax porsible the forco of 
pravity. Frequently, at Jargo collieries, small hauling engines are erected at surface to work theao 

ramways. 

The shaft or pit of a coal mine constitutes the means of communication botween tho underground 
workings and the surface. 

Shafts are classed and described according to the usos to which they are put. Thus we havo 
an engine shaft, up which the water is pumped, and over which tho pumping engino i situatu; & 
winding or drawing shaft, up which the mineral is raised, and in connection with which the wind- 
ing engine is erected; an air shaft, which is sunk to a scam for the purpose of providing vontilation ; 
a downcast shaft, down which the fresh air passcs to the underground workings; and an upeaat 
shaft, up which the fouled and heated air passes from the workings to the surface, ‘Theac destgna- 
tions frequently refer to only one of several uses of the shaft, fur winding may be, and usually is, carried 
on through both the downcast and upcast shafts, and the pumping may be performed through cithor. 

It waa formerly the practice, in smal) minos, to mnk but onc shaft to the seam, on account of tho 
eost, and this shaft had then to serve for all purposes, aud was divided into several compartinctits, 
one for the pomps, and two others for the winding, wiule the alr was conveyed down one of thems 
and up another, or the two others. This arrangement wus, however, dangerous; and in the United 
Kingdom it is now illegal to work a coal mine with less than two shafts, In all cages the numbor of 
the shafts should be reduced to the lowest practicable limit, and their dimensions large enough to 
supply sufficient air to the workings, and alluw the passage of the cagos; and the winding should be 
carried on at a high speed. The actual number of shafts requisite can be determined only by the 
conditions of the case. 

The form of the shaft varies considerably. The determining conditions are tho strength of the 
rock passed through and the material available for supporting the sides. When the sinking is 
le Sel ep clay or running sand, and whenever the rock is of a weak and unstable character, 
the ci form is the most suitable. Where wood is abundant, rectangular and polygonal shuflas 
are commonly ae ne Rectangulur shafts are never made square, and their length varies from 
about once and a half to three times the breadth. 

Shafts also vary y in their dimensions, but can hardly be ton large. Circular shafts 
should never be ices than 9 ft. in diameter, and they may be as much as 16 ft In somo inatapces 
olliptical shafis have been sunk 18 ft. and 20f. Theu should possess a larger diameter than 
the downcast. When the section is rectangular, the dimensions are very various, ranging from 
4 and 6 ft. in breadth, by from 9 to 16 ft. in length, to 10 ft. in breadth by 26 ft. in length. 

The pesition of the is determined by many conditions, chief amongst which sre the dip of 


870 COAL MINING. 


the strata, the degree of their inclination, the quantity of water likely to be met with, and the 
character of the seam as a source of explosive gas; the proposed method of working the seam, and 
the general plan of the workings. 

he circumstances existing at surface will modify the decision arrived at from the foregoing 
considerations, and not unfrequently alone determine the choice of the position; that is, tha 
position chosen in we © surface conditions may be unfavourable to the conditions 
prevailing underground. The coal will have to be conveyed to the nearest highway, canal, or 
railway; and the situation of the coal-field relatively to these, the surface configuration of the 
locality, and the existence of natural and artificial obstacles, will influence the position of the 
shaft, between which and these means of communication a constant connection must be kept up. 
Genorally, this will be made by tramway, and the foreguing circumstances will, therefore, have to 
be considered relatively to the requirements of euch means of transport. Sometimes no railway 
may exist, but it may be intended to construct a branch to the colliery from a line a few miles 
distant. Advantage should always be tuken of gravitation to run the loaded trucks away from the 
shaft in order to save expenditure. But to do this, a position must be chosen for the shaft 
sufficiently elevated above the railway or the canal, and to make this position accord with the 
other conditions. 

In somo localitics, it may happen that quicksands or unstable drift will have to be passed 
through, and it then bocomes a question @porsing through these beds in the most favourable part. 
Numerous instances might be cited in which altogether unfavourable Roetsions have been selected 
for tho shafts, solely fur the purpose of escaping the difficultics that would otherwise be encountered 
in traversing such 

It has beon already remarked that the minimum number of shafts to every colliery is two. 
Thoso must not be separated by loss than 10 ft of natural strata ; but beyond this limitation they 
may be placed at any distance apart, and in any position relatively to cach other that best fulfils 
the foregoing conditions, and is suitable to the system according to which the workings are to be 
aid out. Sometimes it is found convenient to er the shafts by long distances; but generally 
they are placed only a few yards apart. By bringing the shafts near together, the points of 
delivery, and the machinery required at thoee points, are concentrated at one place at surface. 

When the shaft has been completed and sunk to the coal, to proceed at once to the working of 
the minoral would be to endanger the safety of the shaft, and to create serious obstacles to the 
subsequent working of the seam and tho efficicnt ventilation of the working places. The extent to 
which the mine should be opened out will be determined by local, commercial, and other considera- 
tions, The more systematically and completely this opening up of the ground is performed, the 
moro economically and safely may the extraction of the be effected. It is a false economy to 
curtail the time and expense requisite to the opening out of a collicry, since the oonsoquent 
difficulties, which can never be removed subsequently, or even modified in an important degree, 
more than compensate the first expenditure of moncy, or the inconsiderable gain of time. 

Aa the opening out of a mine is not immediately remunerative, it is describ d as dead work, or 
frequently, on account of the narrow width of the working face, as compared with the ordinary 
eating places, as narrow work. The excavations which constitute the dead or narrow work consist 
of drifta, hoadings or roadways, called rolley-ways, way-gates, gate-roads, water-gates, and levels, 
driven out from the masa of coal left to support the sides of the shaft, and called on that account 
shaft pillars. These levela are tho principal roadways, airways, and waterways of the mine; 
through them all tho li of the mine will have to be conveyed, and the whole of the air whiah 
is to ventilate the workings, as well as the water flowing thorefrom, will bave to pass. The mode 
of laying out these pioneer oxcuvations will be in the main the samo, whatever the system of working 
adopted may be. But modifiontion at bo required to conform to the exigencies of the case, due 
to the anglo of dip, the existence of faults, or any other of the numerous circumstances that mry 
accompany tho occurrence of a seam. In the example which we shall assume for purposes of 
illustration, the seam will he supposed to dip at a small angle, and to be freo from disturbing 
circumstanoes, in order to form a typical case, that shall involve a system in its ontirety. 

A large maas of coal must be loft unwrought around the shaft, as a support; this mass will be 
eut through only by the narrow cxcavations that constitute the roadways to the shaft. Theso 
drifts divide the mags into detached blocks, which are called the ahaft pillars. The alishtest move- 
mont in that portion of the beds through which the shaft pasecs must necessarily be destructive to 
i etd “ henoo it is ossential to provide sufficient means for preventing such a movement 

n ace. 

The dimenaicne of the shaft pillars are determinod by the depth of the scam from surface; tho 
angle of inclination of the beds; the strength of the coal; and the nature of the thill or floor. 
According to André, in no case can safety be obtained with pillars lees than 85 yds. square; theee 
may, therefore, be considered as the minimum dimensions in the shallowest mines, when the other 
conditions are favourable, say up to a depth of 150 yds. nag fees this depth the dimensions may 
be increased by 5 yds. for avery 25 yds. of increase ; that of a shaft 175 yda. deep 
will be 40 yds. aquare ; those of a shaft 200 yds. deep, 45 -» and so on. These dimensions are 
given as sufficient, on the assumption that the other conditions are favourable, But it is evident 

t those conditions may be as to require an augmentation of the dimensions, as determined 
according to the depth alone, Thus, if the strate are highly inclined, the tendency of the pillars 
to yield is greater than when the strata are fiat, The noni” “ose — the shaft through 
steep measures ia, in um, often found to be a serious one. n rmgtk the coal will also 
materially affect the Phe cased The difference in the strength of 
coal is very considerable, and this difference must be taken into account in determi the 
cimeneies ee Bat the mcst important of theee determining conditione is the 
natare of the thill or floor of coal seam. When this floor consists of soft underclay, the 
preasure of the pillar upon it tends to foree it to rise in the roadways between the piKars. This 
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of the floor to rise between the pillars, or is often observable in the workin 
The displacement of the floor in this way causes the pillars to sink, ond the downward moveweal 
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The amount’ of increase demanded by cach of these conditions cannot be stated in a general 
manner. It is a qneation that will have to be determined for cach individual case, in accordance 
with the circumstances by which it is surrounded, and the in which the conditions are ‘ 
modified. The method of procedure, in dealing with this question, is to determine the 
dimensions requ by the depth alone, and then to augment theese, if necessary, for each of the 
other conditions, in # proportion adequate to ite requirements. The experience of the district will 


in this matter be of great avail. 

When the dimensions of the shaft pillar have been determined, the levels may be set out, the 
designing and driving of which copstltate the work of opening out the mine. e direction of 
these levels is d ed by that of tip dip of the strata, and tho relative positions of the down- 
cast and upcast shafts will ppeniiei’ tipon the same conditions. As the levels are to be driven 
in the seam of coal, the borizontality o¢ {sir floor, whence their designation of level is derived, can 
be obtained only by driving them it Riteotion of the strite of the which is at right angles 
to their dip. In this direction, which is known among miners as the water-level 


direction, is that of the levels to be ri sy lbatere the shaft. These so-called levels are, however, 
in 










not perfectly horizontal, but their de the horizontal is made as little as the conditions 
will admit. A consideration of th which determine the position and the direction of 
the levels will show that these m fluence the choice of the position of the shafts. The 
“haga of por pesaige a the regis or to coal to be biden ae ition ane in riage will 

understood by a reference to the own at p. 975 of t ictionary. is plan represents 
typically a method of laying out the workings frequently followed in England. 

The direction of the dip of the seam is shown in ae pit ber arrow upon the coal to be 
wrought, Tho downcast shaft is at P, and directly to the rise of the downcast is the upcast shaft. 
When those shafts have been carried nm to the requisite depth, they are connected by a drift 
driven through the coal. This provides fot the ventilation by enabling each shaft to serve the 
purpose for which it was ultimately intended; for the current of air, instead of passing down and 
up each shaft on opposite sides of the temporary brattice in the shaft, will now descend through 


the downcast, and a scend through the u It now remains to set off the levels perpendicularly 
to the direction of the dip of the seam. are driven out from the shafta in ouposite directions, 
and as they will be in all rospects identioal on each side of the shafts, it will be sufficient to 


describe those on one side only. Before desoribing these levels, however, it should be observed 
that in extensive collieries a third level is cous? added, mainly to ensure a more efficient 
ventilation; and also that the shafts may be situate farther apart than in the example. 

In driving the levels out from the shafts, a walling is necessary to sustain the sides and the roof 
of the level, timbering being ingufficiont generally. Whenover timbering is used to support the 
roof in such situations, it will be well to wall the sides. But an arching of brick is far preferable ; 
and if the floor is of a weak character, the walling should reat upon an invert, 

The lower level is the drain, water-level or water-zate, one of its uses being to convey the 
water, which gravitates towards it from the workings situate above, to the pumping shaft. The 
upper lovol is the main road, rolloy-way, or way-gato, through which tho mineral will be conveyed to 
the shaft. These are the main outlets to the mine, and constitute the air-channels through which 
the workings will be ventilated. The facilities which these roads afford for the easy and rapid 
transport of tho coal from the hela faces to the shaft, will very materially influence the 
capensis the output und the cost of delivery at surface, or bank, as the surface around the mouth 
of the shaft is technically called. And the consequences of an accident resulting in the blocking 
up of theee roads are of a tov sorious character to leave any procuution unnecessary. 

Whon timbered, the sides of the section of a level are generally vertical, and the top or roof 
horizontal, the section in such a case being rectangular, The sides may, however, incline towards 
each other, thus giving a groater width at the floor than at the roof. When walled, tho sides aro 
vertical, and the roof is arched. 

The dimensions will be determined by the thickness of the scam through which the levels are 
driven, the strength of the roof, and the ln uae of the means of transport. If the seam is of 
moderate thickness, say from 6 to 8 ft., the level will be driven betwoen the roof and the floor; that 
ia, the whole of the scam will be removed, and the height of the level will be equal to the thick- 
ness of the scam. When the thickness exoeeds 8 ft., the level is driven from the floor to a height 
of 7 ft., or 7 ft. 6 iu., and the remainder is left to form the roof. When, on the contrary, the seam 
ia too thin to afford a convenient height for a horac-road, either a portion of the roof must be 
stri down, or a portion of the floor removed to give the necessary height; and as such labour 
is al ther aba vip the minimum height demanded by convenience will not be exceeded. 
Under some conditions this may be as little as 5% The width of the excavation will be deter- 
mined according to the etrngth of the roof and the requirements of the means of transport. If 
the roof is of a very weak ter, it may be necessary, to ensure safety, to limit the width to 
5 ft. If, on the contrary, the roof is very atrong, thia width may be increased to 10 ft. Thus the 
limits of height and width of a level may be stated as 5 ft. and 8 ft., and 5 ft. and 10 ft. reapeo- 
bbe 6 The width nocessary to convenience of traneport will be determined by the extent of the 
workings, and the degrve of activity to be a in them. In most oases, the rolley-ways will 
have to be laid out to a width sufficient for a double line of tram rails, so that a train of empty tubs 
may be returning to the workings while a train of loaded tubs is running out towards the shaft. 
In general, the best width is from 7 ft. to 8 f%., when the strength of the roof is sufficient. For 
economical reasons, the sectional area of a level is frequently reduced to its lowest practicable 
limita; but to assume that the cout of driving a level diminishes as its sectional area is an error. 
When the miner is compelled to work in a space insufficient to allow freedom in his movements, 
there is a loss of useful effect, which, by ing the labour, increases the cost of the work. 
Also the labour of driving heading of arce is relatively greater than that required 
by a heading of larger nsions, aince the amount of side cutting is proportionally greater in 
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the smaller section. Besides this, the coal extracted from the 
, consequently less valuable, than that hewn from the larger te idee lenge ares 
the amaller section lies in the dimini rge e only advantage offered by 
er on lies in the diminished labour of conveying away the dislodged mineral 

The levels have a Hy Sadi regr ae towards the shaft to allow the flow of the water to 
the bottom of the shafts from which it is to bo raised, and to facilitate tho bringive eat er ite 
trains of loaded tuba. By adapting the fall of the road to the load to bo suaseyal ores it, a large 
eaving of labour may be effected, an advantage particularly notiovable when horeo power is 
pean A as the means of traction. Experiments have shown that an incline of Lin 180 ae a littl 
more than } in. in the yard, gives the maximum of a ees effect to horse power, in draw : 
the loaded tubs down and the empty ones back, and therefore, where practicable, this inclinatl 
should be adopted. But in very long levels, such as are driven whon it is dusired to gain the 
greatest possible area from onc winning, this degree of inclination would be too real ns the 
extreme end would be too elevated. In these cases the inclination given to the level is ‘oualle 
1 in 200, or a little less than 4 in. to a yard. A level should preserve in every portion of itp 
length a rectilineal character; that is, it must be driven from one end to tho other in a perfvotl 
rpalaas ood hie and if the circumstances do not allow of this, it should bo driven on a ourve with o 

here are two systems of laying out the workings of a colliery, differ 
features, but capable of such modifiestion as to be ally sabinillatod wi arya or erieapigais 
one system, a set of parallel excavations is driven through the ooul at intervals, so ar to loave a rib 
of coal between them to afford a support to the roof. These excavations nre made as wide as the 
strength of the rock will admit, a common width being from 4 to 5 yds. At right angles to these 
another set of excavations is driven, aleo parallel with one snothor. The width of the lattor js 
usually about half that of the former, and thor interval apart is much greater. The effeot of theae 
two sets of excavations thus crossing each other perpendicularly is to leave in the seam rectangular 
blocks of coal, for the second sct is dnven through the nba loft between the excavations constituting 
the first set. The use of these pillara is to bold up the roof; formerly they weto left, and as the 
coal composing them was permanently lost, it was sought to reduce their dimensions to the lowest 
possible limit. Under favourable circumstances, however, fully one-third of the seam wns 
necessarily lost in these pare, and very vis beta the proportion was as great na two-thirds, In 
the present day, theve pillars are subsequently removed ari the roof let down, go that generally the 
whole of the coal, with the exception of a small portion of the pillar which is crushed by the 
deacending roof, is extracted. When the workings aro Inid out with a view of finally removing tho 
pillars, the latter arc left of very large dimensions, for tho purpose of affording a thoroughly 
officient support to the roof during the first part of the working, that is, during the driving of the 
excavations. This system is known in England as thut of pillar and stall, or post aud stall, and in 
Scotland as stoop and room. The stulls are the excavations which ato driven through the oval, the 
lee set of which is known distinctively as boards, sometimes written bods; and the second as 
ways, 

In the second system of working, the whole of the coal is romoved at once, in a long and 
continuous face, and the rvof is allowed to fall behind the workmen, ‘To provent the roof fron 
falling upon the miners at work, a double row of props is act ut a distance of about 6 ft. from the 
face, and moved forward as the fuce advances, This system is obviously far more simple than the 
preceding, and it may be remarked here that it is gradually supplanting the post-and-stall aystem, 
wherever the conditions are not altogether unfavourable to ite adoption. This system is known na 
the long wall. The relative merits of the two systems of working ooal lave been a subject of 
dispute ever since the lung wall was first introduced, Undoubtedly cach possesion pecullar 
advantages, and it will be our endeavour briefly to point these out, and to show how each 1s affeetod 
by various conditions and circumstances. 

The ultimate object in every working for coal, whatever the circuinstanses may be undor which 
it is undertaken, or the method by which it is carried out, is to obtain the greatest pomiblo 

uantity of coal, in the best possible condition, at the least posmble cost. In estimating, therefore, 
the merits of any system or mode of working, its effects must be considered relatively to thus olyect. 
The condition of cost must be understood to involve the question of aufety of life to those employed 
in prosecuting the workings. The produce of a cual scam will be obtaned in the best possible 
ovndition, when it is all extracted and couveyed to bank in blocks of considerable size, or is 
obtained as round coal. If the two syatems be considered from this point of view, it will be found 
that the long wall will give the greatest quantity of coal. When the workings are carriod out 
acoonling to this system, the whole of the seam may be extrackd; whereas, on the eater 
aystem, a portion of the pillara, greater or lew according to the circumstances of the cas, is 
ily lost. Thos the long wall gives the greatest powsble quantity of coal. Also, the coal 
got by this system is less broken than that obtained by pra and stall, as the narrow workings of 
latter system occasion the making of a large quantity of small cual. This quantity is increased, 
sometimes very largely, by the crushing of the pillars as they are worked nway. This breaking up 
of the coal is inherent in the nature of tho system, and thoreforc, however skilfully it may bo 
carried out, it must remain inferior to the other system in thi respect. Thus the long wall gives 
the groajest possible quantity of coal in the best possible condition. In the latter nystem, in, 
the risk of secident from falls of ruof is very materially reduced, tho vontilatiun in rendered far 
more simple and effective, and the labour of tho miner, who works in a couler and purer atmo- 
aphere and a leas reatricted space, mure efficient. It thus appears that the system of long wall is 
that which gives, what is the ultimate object of every working, the greatest possible quantity of 
oval, in the Best possible condition, at the least prawible cost. 
Existing circamstances may so far modify resulte as tu greatly diminish that superiority, 
or even to render the adoption of post aud stall desirable, sf not ocr & The aystem of long 
wall is pectliarly suitable to the working of thin scams, but instances might be given where yory 
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ick seams have been successfully worked by long wall. A te eae el Ge 
method lies in obtaining the stone or rnbbish needed to partially bs Meee hollow created by the 
removal of the coal for the of letting the roof down easily, and withont cansing damage to the 
aurface. In working the thick seams by long wall in France, the upper half and afterwards 
the lower half of the seam are removed, and the space ocenpied by the coal is alpen 
by stone quarried at surface, and lowered in the coal tubs instead of returning them empty. T: 
method has been adopted to some extent in the Staffordshire Ten-yard Seam. When s seam is 
divided by bands of refuse, or dirt pa cotirid l called by miners, it may, considered only 
from this point of view, be more favourably w by long wall than by post and stall, since, in 
the former system, the refuse may be utilized as pack, while in the latter it must be stowed away 

inst the sides of the excavations, where it serves no useful . A good roof is favour- 
able to long work, but is not indispensable, With management, the system may be succesafully 
cerried out when the roof is very weak and jointed. The working face should be pushed apidly 
forward so as to be always beneath a fresh or a green roof. If the roof contains ironstone, wh 
can be worked with the onal, whereby « larze quantity of refuse is produced, the seam can be 
worked most advantagcourly by the system of long wall. On the other hand, if the roof contains a 
large aieatty of water, if the surface is covered with important buildings, or resrvoirs of water, 
or traveracd er utreanas, canals, or railways, in which cases it is essential not to let the roof 
down, tle system of post and stall is best. In some places, where the workings extend beneath 
the sea, no other could be adopted, Under such circumstances the pillars are lost, and the work- 
ings laid out uccordingly. In post-and-stall workings there is also less difficulty in keeping the 
roadways in a good stute, and the system is generally favourable to a large daily output. 

If tho circumstunces of the case have led to the determination to adopt the post-ond-stall 
1 ae the next question tlat presents itself is, how to lay out the workings in conformity with 
the existing conditions. We shall assume, as befure, in order to have a typical example, that the 
seam liea at a slight inclination, and that it is unaffceted, in the portion of the field under con- 
sideration, by faults or derangoments of any kind. 

In workings on tho post-and-stall system, it is sought to drive the bords at right angles to the 
cleat; hence the plan of the workings is always so designed as to set off those excavations in that 
dircotion. The bords are the principal excavations, the headways being intended primarily for 
ventilation. As the bords aro invariably set off perpendicularly to the cleat, that direction ls 
callod bordways; und as the headways are perpendicular to the borda, the direction parallel to 
the cleat is termed on the ends, Since tho main Jevels are driven in a water-level dircetion, 
that is, slong tho strike of the seam, they may cut the coul bordways, hcadways, or obliquely, the 
lattcr direction being known as cross-cut; and since the bords are to be driven at right angles to 
the cleat, tho direction of the workings relatively to the main levels will depend upon the angle at 
which these levels cut the cleut. 

Let it be assumed, in the first place, that the dircotion of the main levels is headways, that is, 
that they have been driven on the ends of the coal. In such a case, the bords will be set away out 
of the upper level. A barrior of ooal, cut through at intervals to form pillars of large dimensions, 
is \cft on the rise aide of the upper level, to protect these main ways of the mine from the effects of 
thrust and oreep. The thickness of theso pillars will be determined by the considerations whieh 
affect the shaft pillars, already treated of. The importance of these barriers is great, as any Injury 
to the main Jovela derangos tho ventilation, and seriously impedes the traffic. Aguin, suppose, on 
the contrary, that the direction of the main levels is bordways, that is, that they huve been driven 
perpendicularly to the cleat. In this case a pair of drifts is ect off from the upper level, at a con- 
veviont distance from the shaft, say about 80 yds. These drifts, which are called winning head- 
ways, will be similar in dimensions and in distance apart to the main levels, to which they are 
mabe at sient angles. From these winning headways the bords may be set off paralicl to the 
main levels. 

To determine the dimensions of the pillars, it is necessary to consider the effects of what is 
known as thrust and crecp. Both thrust and creep are occasioned by insufficiunt dimensions 
in tho pillars, the difference between them being due to the difference of atrength in the rook 
composing the floor and the roof. When the floor and the roof consist of strong unyielding rock, 
aud the pillar of coal left is too small to support the pressure thrown upon it, the pillar crucks, 
breaks up into prismatic portions, from which slabs fall off, and flually is crushed and ground 
into coal and dust. The yielding of the pillar lets down the roof, the workings become in 
consequence choked up, and the surface is injuriously affected. This action of the downward 
pressure is known as thrust. When, on the contrary, the rock composing the floor, or both the flour 
and the roof, is weak and soft, aud the pillar of coal too amall, the downward pressure upon the 
latter causes tho floor to rise in the oxoayvationa, while the roof, if also of a yielding nature, sinks at 
those unsupported points. The creep is insidious in ite ap and irresistible in its progress. 
It may havo originated at some unusually woak point; but having once set in, it spreads slowly, 
but surely, over the whole district. No timbering can arrest nor evon, when it has fully set i 
materially rotard its progress. The roadways have to be continually repaired, at great oust, an 
the airways become choked up, until finally the labour of keeping these ways in order becomes too 


t to allow the workings to be carried on at a profit, and the district or the colliery is abandoned. 
this way, thousands of acres of valuable coal have been lost. 


To determine the minimum dimensions of the uisite to withstand the thrust and the 
ereep, it would be necessary to take into account the strength of the rock in the floor and the rvof, 
the strength of the oval itself, and the of the superincumbent strata. These are problems 


susceptible of only an approximative solution and of empirical treatment. Experience gained under 
similar conditions is alone worthy of confidence, and following this experience will lead, for the snke 
of safety, to cxoessive dimensions. Thus the minimum dimensions have been left altogether out of 
consideration, and another principle of working adopted. Wherever it is important thaf no surface 
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th Unnally to about 50 yds. so that extreme distance over which the coal 

ed may not exceed 25 ft. To construct these gob roads through the waste or gob, 
which is extracted with the coal is built up in several feet in thickness, to form the sides 
of the roads. These pack walls must be built up to a height somewhat greater than that 
ultimately required, to allow for subsidence when the weight of the roof is brought upon them. 
When the seam is a very thin one, either the rvof or the floor, usually the former, must be cut 
away to give the requisite height to the roads. The material thus obtained will be used for the 
pack walls in preference to that derived from dirt bands and rege ered in the seam, which is 
poor of a less resistant character. In some instances, a thin rib of coal has been left to form 
the _ wall on each side, but the expedient has not proved sufficiently successful to warrant its 

n, 

he maintenance of the roads frequently offers considerablo difficulties and entails great 
expense. When the vee of the superjacent beds of rock is brought to bear upon the pack walls, 
the floor, if woak, is apt to rise, the action of the pressure producing the creep which has already 
been described. In such a case, the roads have to be repaired at night, by men set apart for that 
purpose. Sometimes tho walls sink beneath the weight of the overlying rock, and the height is 
reduced by tho deacent of the roof. This circumstance renders it necessary to frequently cut away 
the roof, so that, after a time, the road may be wholly in the roof rock. 

In order to avoid tho difficulties and expense of maintaining the gob roads, which are con- 
tinually increasing in length as the workings advance, there is another method, that of working home, 
differing from that which we have been considering, and which is described as working out. In 
this method the roads are kept in the solid coal, so that they are not ex to the destructive 
action of a falling roof, as the gob roads are. Moreover, ins of continually increasing in length 
as the worki pr they, on the contrary, are continually decreasing as the wall face 
advances. This is an advyantago which the method of working home was designed to gain. 

In laying out workings according to this method, the roads are first dnven out through the 
solid coal to the boundary, and the wall face is then laid out in tho manner described for workin 
out. The coal is then worked back towards the shaft, leaving nothing but waste or gob behind. 
The oxhausted portion is in thia cage entirely abandoned when the coal has been extructed, and 
the roads, being in solid cual, require but little attention, When the workings are to be laid out 
acoonling to this mothod, tho Paanrinet Bl gabeclprt will occupy a longer time than when it is 
intendod to work out, and this difficulty often constitutes an insuperable obstucle to the adoption 
of the method, capocially where the propnetary is not well provided with capital. 

In the foregoing oxamples, it was assumed that tho main levols coincided in direction with tho 
cleat of the onal, and that it was desirable to give the same direction to the wall face, that is, to 
advance across the cleat, The workings wore therefore at once laid off from the main levels. But 
if it be desired to advanoco in the same direction when the levels are head ways or across the cleat, 
the wall face will havo to bo set off at right angles to the levels, In this case, a pair of winning 
headwaya may be driven out from the main levola in the direction of tho face, in the manner 
described under the head of post-and-stall workings, and from these the workings may be laid out 
The inclination of the seam will often render this mode of proceeding desirable or even n 
In aome districta, instead of driving these principal gate roads through the coal, and leaving 
barriers to protect thom, the whole of the coal is extracted, and the roads packed with gob or refuse. 
This method is sometimes applied even to the main levels of the mino, leaving only the shaft 
pillars aa solid or whole ground. 

In long-wall, as in post-and-stall workings, the system of division into districts is followed. 
Tho advantages to be derivod from dividing the area into several distinct and independent portions 
will be, in the main, idontical in both cases. ‘These districts will occupy the same relative postions 
as in the post-and-stall workings, and they will be served from tho shafts in the same manner. 

In the foregoing considerations and descriptions, it has been sought to give a clear understand- 
ing of the two aystems of working coal, and a full Sr tgp shania of their respective merits and 
dofects. To attain this end, the general and distinctive foatures of each systom have alone been 
brought forward, and theso have been illustrated by typical cases. It has been already pointed + 
out these features are subject to great modifications, in compliance with the requirements of 
varying ciroumstances. Such modifications, however, and the conditions which determine them, 
havo been left out of consideration pene, iu ordor to avoid confusion. 

To explain the various operations involved in sinking a shaft, a peir of circular shafts ma 
assamed, one to serve as a downcast, the other as an upcast. As oo in each will 
similar, it will be sufficient to consider thoes in the downcast. The tages of sinking both 
shafts simultaneously aro that the seam is reached through the two shafts at the same time, and 
the immediate opening out of the underground workings facilitated, the water encountered is more 
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raising it to surface. It was formerly the custom to conetract these sinking corves of wicker-wor 
, well-soasoned hazel used for this purpose. The ca by afcee Gel ae? qe akanl 

20 gallons, Oorvees have been almost entirely superseded by kibbles, constructed of wooden staves 
bound together by iron hoops like a small cask, and provided with a handle or with three eara to 
which chains may be attached, to form a kind of bucket. When of amall dimensions for well 
sinking, it is called @ sinker’s bucket. This form of kibble, much used on the Contment, is made 
ieee in the middle to cause them to sheer off from each other should the ascending and deacend- 
ing kibbles come into contact. For the same purpose, the odges of the hoops aro chamfered off. As 
the canting of the loaded kibble pours tho contents down upon the sinkera, it is a danger to be 
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avoided In England, the sinking kibble is commonly constructed of iron, aud ite form is similar 
to that adopted for the wooden barrel-shaped bucket. The kibble w attached to the me by a 


7 ei) hook, and 1s rawed at first by means of a common windlass with two handles. Bestules 
ie tools, a supply of curbing and planking should be provided for the support of the sides of the 
shaft. 

The surfaco crections required, besides those of a permanent charactor, aro, a carpenter's shod, 
a amithy, an office for the mastir sinker and others in charge of the work , a sinkers’ lodge, for 
drying the sinkers clothes and other purposes, a shed to store the matrials requiied; and 6 
magazine to contain tho explosive substance to be employed. As noarly the whole of these build- 
ings will be required to remain as parts of the surfax works, their situation relutively tu the elinft 
and to cach other should be chosen rather with a view to subsequint convenience than to immo- 
diate exivencics. When all of those buildings whieh will be required during the progress of tho 
ainking have been erected, the engine houses may be commenced, and their construction carried on 
daring the sinking of the shafts. Gencrally the winding engines will be situate bi twoen the two 

fia, so as to draw from both. 

The oporations of mnking will be begun by determining the point to be the centre of the shaft, 
and stnking from this contre a circle having a diamctr 2 ft. greater than that which the shaft 1s 
to have when finished. When this has been duno, the excavation of the sul will be commend 
with tho pick and the shovel. 

The firm rook to be mot with after the clay has been passwd throngh is termed the stone head. 
As the excavation during this portion of the sinking is through soft rock, the pick and the shovel 
will be the only tools required. The stuff will be raised to surface in kibbles by meuns of the 
onlivary jack-roll, aud tipped, or, 1n miners’ language, teemed around the mouth of the shaft. 
Attention must be given at the commencement of the excavation, and continued throughout the 
whule of the sinking, to the preservation of the vertioality of the shaft, This must be preserved 
throaghout the subsequent operations of timbering, walling, and tubbing, care being taken to place 
these supports everywhere in exact accordance with the centre of the shaft. Tu ensure this 
vertioality to the excavation, frequent and careful use must be made of the plumb-line. In rect- 
engular and polygonal shafts, a plumb-linc should be suspended in each angle; and in circular 
and elli shafts, at the four extremities of the two diameters crossing ow h other at right 
angles, in the former, and at the extremities of the major and minor axes in the latter. If the 


section is large, lines may be required at other points. suspended lincs will be lowered as 
the sinking and from time to time other lines will be ih age in the same positions, 
from the to near the bottom of the excavation. All irregularities rendered apparent by this 


plumbing must be carcfully removed, 
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During the sinking to the stone head, the sides of the shaft cannot be left without support. 
There is a tendency in soft rock to swell and to close up the excavation. When this swel has 
once begun, its progress is rapid, the motion prodaced in the rock being an accelerated one. 
it becomes necessary to prevent the swelling action from setting in, by placing a sufficient support 
to the sides of the excavation as the sinki Pe proeremes: This agi teh girgres for circular 
shafts, of rings formed of segments of wood, curbs or cribs, at intervals in the 
shaft, and with deal planking. The curbs should be of oak or elm, and their dimensions 
should be proportioned to their diameter, and to the degree of pressure likely to be brought upon 


them. 

These dimensions will vary from 4 to 6 in. equare. Care should be given to their construction 
in order to bring the ends of the segments to bear evenly upon each other, and to make the joints 
radiate truly from the centre. The best mode of forming the joint is that in which the ends of 
two contiguous segments are made to bear against each other in one vertical plane. When jointed 
in this way, the apments are prepared at surface with the curved wooden fisb-pieces or cleats, and 
sent down the shaft ready to be put together. The backing deals uscd with the curbs should be 
about 1 in. in thickness, and about 6 ft. long; a greater length, eay by 9 ft., may be adopted. The 
first length of backing deals sct should, in every case, be 9 ft. There should be always ready at 
hand a suffic.ent number of curbs, and an ample supply of the planking required to be used with 


In the case of a shaft of 13 ft. diameter, the curb may be 5 in. square in section, and when put 
together i¢ should have an inside diameter of 13 ft. 9 in. When tho excavation has reached a 
dopth of 6 ft., the firet curb is sent down in segments, and put together and placed in position at 
the bottom. The 9-ft. backing denls aro then placed vertically behind the curb, their ends passing 
down to about the middle of the thickness of the latter. If the ground to be supported is very 
wouk, the backing deals must be placed close together; in fairly strong rock, they may be set at 
miiall intorvals apart. The distance to be allowed between the curbs will be determined by the 
pressure from the sides of the excavation. If that pressure is very great, the interval should not 
oxcerd 2 ft., or in some cages even less thun that distance. Instances are on rccord in which 6 in. 
could not be exceeded. A common distance, however, is 8 ft. A second curb having been sent 
down, amd put together upon tho first, is raised to a height of 8 ft. above the latter, the height 
boing measured from centre to centro, and the curb supported by a few upright props called punch 
pve A third curb is then put together upon this second one, and, having been raised 3 ft. above 

t, is supported by props in the same manner as the second. A fourth curb is put in at the top of the 
backing deala, and nig K nahoar in the same way as the othors. This last curb will be mtuate at tho 
height of 8 ft. above the surface of the ground, The object of this elevation is to obtain a height 
for tipping the stuff diawn from the shaft. The curbs inserted in this manner are next strung, or 
hung together voitically by means of thin deal planks, or stringing deals. These stringing donls 
aro nailed against the inside of the curb, so as to suspend the latter one from another, and the 
whole raay bo suspended from balks of tumber at surface by means of the stringing deals. 

When the cuibing of the oxeavation has been completed, the sinking may be resumed, and 
continued ahother 6 ft. This part of the excavation is not, however, extended to the full diameter ; 
but the sides are kept in a line with the inside of tho curbs. This 1a necessary in order to loave a 
support for the latter. When the depth of the second 6 ft. has been reached, the excavation is 
shorn out to the full diameter, and a level bed provided for the reception of the next curb, This is 
acut down in segmenta, as before, put together, and placed im position at the bottom, The sides 
aro then shorn out up to the first curb laid, that is, the lowest curb of tho first set, and the 6-ft, 
backing dcala put in behind thie ourb and the one just laid. Another curb is sent down, put 
togethor upon the bottom one, and raised upon props to a height of 3 ft. that is, midway between 
the curb last put in, and the lowest of the firet set. Upon this curb, props are sect to support the 
one immediately above it, and the stringing deals aro nailed on to hang them all together. The 
whole longth of curbing should be slung by means of the stringing deals to bulks of timber at 
surface, ‘This is necessary to prevent the curbing from slipping down when the support is removed 
by shearing out the sides from undor them. The deals may be suepended from the timbers form- 
ing tho temporary staging required around the mouth of the shaft for convenience in drawing and 
tipping the rubbish. When the second 6 ft. of excavation has been curbed, the sinking will be 
again resumed, and ountinued through the third 6 ft, which length will be ourbed in the same 
manner as the preceding. Theao opertions will be repeated until the stune heud is reached. 

When the etene head haa been reached, another set of operations has to be performed. The 
support afforded by the curbing is intended to be only of a temporary character. The cuntinued 
pressure of the sides of the shaft agninst this support would, in a short time, caure it tu yield, and 
when the sides have begun to run, the destruction of the shaft is almost inevitable. Hence it 
becomes necessary to replace the timbering by masonry, and the substitution should be made as 
acon as powsible. In general, the walling cannot be built until a firm rock foundation has been 
reached. It is desirablo to push on the sinking to this point with all possible speed, in order to 
= tho danger of the timbering giving way. 

reaching the stone head the excavation is reduced in diameter, and the sinking is continued 
wntil the rock has become eound and strong. When this point has been attained, the sides are 
shorn back to a greater diameter; in the case assumed, say to a diameter of 15.9 m. It is now 
rig agen to prepare the foundation for another curb of larger dimensions, upon which the walling 
ia to reat, and called on that account the walling carb, or sometimes, from the method of it, 
the wedging ourb. This curb may be either of metal or of wood. Sound and well-eeasoned is 
ee oe When iron is used, the curb ia on the inner side. The oak wedging 
curb will be 18 in. on the bed, as the walling is to bo of brick, and 6 in. in depth; ita inner 

diameter will, of course, be that of the shaft, namely, 18 ff. The rook bed upon which this curb ix 
to rest must bo cerofully levelled, a0 as to give it an even bearing at all pointe. Some j-in. fr 
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sheathing is then laid upon this bed, and the ourb laid the sheathing. Before proocseding to 
ix the ourb, it must be ascertained that its centre coincides exactly with that of the exoavation, 
When the curb has bean placed acourately in position, a backing of fir, about 2 in. thick, is put in 
vertically between the outside of the curb and tho aides of the shaft, and firmly wedged. The 
wedging must be performed simultaneousl at opposite points in the curb, and it must be ountinued 
until no mure wedges can be driven in. The greatest care muat be exercised during these operations 
to avoid displacing the centre of the curb. When iron curbe are used, a piere of ouk shoathing ia 
placed between the joints; the thickness of this sheathing should diminith from the outside of tho 
curb inwards. As the pressure thrown upon tho curb by the wedges tends to lift the former from 
ite bed, this tendency must be counteracted by props set upon the joints of the curb, and abutting 
against the rock above. 

When the walling curb has been securely fixed, the walling of the shaft may be ‘eded with. 
In most cases, the walling will consist of bricks, which is the cheapest material available, and 
sufficient for the purpose under all conditions. eey these bricks may be made on the spot 
from tho clay necessarily excavated for the surface works. It is essential that the bricka used in the 
walling be moulded to the form required by the shape and diameter of the shalt. Tho mortar 
should be of the beet quality and slightly hydraulic in charactor. In walling through wet strata, 
quick-setting cement will be required. 

Sometimes stone masonry is adupted for the walling of a shaft. Stone of a schistose structure is 
rapidly disintegrated by the action of atmospheric agencies, and is unsuitable for walling purposes. 
Sundstone and limestone may be employed; but the former is somewhat difficult to work, and the 
latter is usually costly to obtain. In stone walling, the blocks should be of moderate duncusious, 
and, as nearly as practicable, uniform in size. Very small blocks involve the use of a largo quantity 
of mortar, and very large blocks are difficult to work and to handle; while the minghny of lar 
and small blocks occasions an unequal distribution of the pressure. Each of the blocks should 
tooled upon five of its faces, that which is in contact with the rock being alone Joft in a rough state. 
The two side faces should be prepared with special carc, to cnsurv a close joint, everywhere coin- 
cidiug in direction with the radius of the shaft. 

Bricks constitute a more suitable and a cheaper material for shaft walling than stono. The 
clay of which vee are made should be rich in alumina, and entirely free from lumps of ealeareous 
matter. If the clay is not sufficiently rich in alumina, the bricks will bo porous and crumbly: on 
the othor hand, if tuo rich, they aro apt to run during the process of manufacture, and are too smvuoth 
to hold well to the mortar. Fireclay is an excellent material for walling bricks, and in some 
loculities it may be procured nearly as cheaply as ordinary clay. Sometimes this material is employed 
ethane intv blocks to the required furm, ‘The dunensions of such blocks commonly ure 24 in, by 
9 in. by 6 in. 

The thickness of the walling will be, in some degree, determined Ly the pressure likely to be 
thrown upon it. Thus, in passing through oonpart rock, 1 single brick muy bo suffleiont, tho object 
of the walling iu such a caso being rather to protect the rock from atl a influences, and to 

revent the full of dc tached portions, than to resist a prossure from the sides. Lo loose rock of a 
airly atrong character, a thickness of 13 in. will suffice; and in very unstable rock, or whore there 
is a very gieut pressure of water, JS in. or more uy be neccesary. In the assumed example, the 
wedging curb is designed for a walling of 13 in, 

When the wedging curb has bec u securely fixed, the walling is commenced upon it, ag a founda- 
tion. Until a shaft is walled, it 16 exposed to the dunge: of closing in, and therefore no exertion 
shoul be sparcd to complete the walling in the shortest ponsible time. The walling will bave to 
be performed from a staging or scaffolding, capable of bong rauwed ag the work progresses. Tho 
staging or cradle adopted for this purpose is circular in form, and is a simple wooden coustruction, 
consisting of 2-n. planking uailed upon timbers. Through these timbers stout bolts, with u ring 
attached, are eaghie and accured on the under-side by means of a nut. From these rings the cradle 
is susp nded, by meaus of chains attached to two ropes, from two winches at surtace, one on each 
side of the shuft. Later, when the surfseo arrangements are more complete, the cradle will be 
suspended by one rope. This rope must possess u wide margin of strength, and must undergo 
frequent and careful inspection. It should be 10 in. in eireunfercnce, ‘The diameter of the cradle 
should be such as to leave « space of about 4 in. between it and the shaft. This space in neccssury 
to ensure the ventilation of the shaft below the staying. When a seam of coal os neur the bottom 
of the shaft, or has been entered or passed through, this precaution is essential. Sometimes, besides 
the space sround the stayiny, a hole is provided in the ceutre of the latter to allow the jas to pans 
up; through this Lole the tub dips into the sump. In spite of the precautions, the accumulation 
of gas beneath the stuging is one of the most fruitful sources of explosion of firedamp. 

As the walling proceeds, the timbering immediately above it will have ty be removed, and caro 
must be taken during the removal of this portion not to materially weaken that which is lott. If 
the pressure against the timbcring is great, a small portion only of the Jatter can be taken out at 
a time, and the remainder must be securely stayed. The curb immediately below which the timber- 
ing haa been taken out must be supported by vertical pune) props not upon the walling beneath, 
aud when the pressure ia great, by props placed hurizontally or raking props in an inclined powition 
against the sides of the shaft. Under some difficult circumstances, it may be utc asary to build 
portions of the timbering into the walling; but this should be avoided wherever possible, as tho 
rutting of the wood eudangers the masonry. 

The hollow between the walling and the rock must be filled with clay, carefully rammed to form 
a svlid backing, or better, with concrete. This is necessary to distribute the pressure oqually over 
the masonry, and it canuot be neglected withvut risking safety. It is also essential to provide for 
getting rid of the water which oozes out from the sides of the , by an outht bencath the lowest 
eourse if the walling. Either an iron pipe is built into the buttom course, ur a horizontal hole is 

” wigh an auger in the wedging curb itself, which hole is made to cummunicate with the space 
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between the and the rock, through another vertical hole bored near the outside of the curb 
and left uncovered by the masonry. The outlet thus provided for the water is kept in communica- 
tion with the space above the by means of « triangular channel formed by two pieces of 
board, or by a vertical pipe of small eter, and with holes, which is lengthened as the 
rises, In putting in the backing, care ahould be taken to make the upper surface incline 
towards this outlet for the water. When the walling is completed and the sinking recommenced, 
et may be plugged; or if the quantity of water is considerable, flexible tubing may be 
affixed to it, to conduct the water down to the sump, and so prevent it from dripping upon the 


A similar arrangement is adopted for collecting and conveying away the water that soaks 
through the walling. This water, which trickles down the sides of the shaft, is stopped and collected 
at ono of the wedging curbs in the following manner. The first three or four courses of brickwork 
upon the curbs which are to serve this pu are inset for the purpose of leaving a portion of the 
bec pica pp Pheaga hr habe . In this portion of the curb, a ve is cut, so as to form a 

1 round the shaft. The water which runs down the fice of the walling collects in this 
channel, and is cleshersod through a hole, bored obliquely in the curb, into a small pipe through 
which it is conveyed either to the sup or to a tank from which the pump takes its water. Some- 
times, instead of using the wedging curb for this purpose, a wooden curb of smaller sectional dimen- 
sions is built into the walling. 

Tho shaft walling is continued up from 5 to 15 ft. above the surface of the ground. The object 
of elevating the mouth of the shaft is to obtain a good lead for the removal and the discharge of the 
stuff frst raised from the excavation. The manner of terminating the walling and of fitting up the 
mouth of the shaft varies in different localities, according to the method of receiving the loaded 
kibbles, In the north of England, a kind of coverign or raging of wood ia fixed to partially cover 
tho shaft. To prevent the eater kibbles from striking against the under side of this staging, 
deals are nailed diagonally against the edge of the staging and a bunton fixed against the sides of 
the shaft. These deals are called striking or sliding deals. When the loaded kibble is raised to a 
height a little above the staging, a tram is run out to the edge upon rails laid down fur that pur 
aud tho kibble is lowered upon it. The loaded kibble is then detached from the spring hook, an 
an empty one substituted fur it. To facilitate these operations, the rails should be laid with a 
slight inclination from the mouth of the shaft, and this inclination is also needed to prevent the 
tram striking heavily oi the sill or edge of the shaft, 

In some other cual districts, the manner of reociving the loaded kibbles and the laying out of 
the shaft mouth are different. This difference will be best understood from a description of tho 
surfaco arrangements of a shaft in South Staffordshire. The walling of this shaft was carricd up 
to a height of about 15 ft. above the surface of the ground, and thick brick walls erected to enclose 
the shaft. An inner wall, ha op to the shaft, forms with tho outer walls a rectangular brick 
foundation for the hoad-gear. The walla enclosing the shafts carry balks of tunber to form a 
staging on a lovel with the top of tho pit walling. Upon this staging are luid light tram rails, on 
which runs a wooden trum or movable platform. This platform is of sufficiently large dimensions 
to pair cover the mouth of tho shaft, when it is run over the latter, and a rail 1s laid on each 
nide of the sbaft to allow the tram to run over. <A fence is fixed to one end of the tram platform, 
and supported upon two amall wheels running upon rails on the opposite side, Durmg the draw- 
ing, the fence stands over the mouth of the shaft, and when the load has been rawed a little above 
the jevel of the platform, tho lutter ie run forward complotely over the mouth of the shaft. The 
load is then lowered and deposited upon the platform. When the loaded kibble has been removed 
from the spring hook, and an as Ye one attached, the latter is raised, and the platform is then run 
back with tho loaded kibble. At the same time, the fence returns over the mouth of the shaft. 
Thia particular arrangement of the platform and finoe was designed with a view to the ready 
rumoval of the wator raised in tubs from the shaft. 

Whon tho walling has been completed, a strong and convenient head-gear must bo erected to 
continue the drawing of the stuff on the ree Pea of the sinking beneath the volte: In con- 
uoction with this head-gear, a steam engine will be required to draw the rubbish and the water 
from the excavation. Fig 852 is of an arrangement oommon in the Chesterfield district. Sinoe the 
introduction of the winding engine of the locomotive type of construction, no strong foundatiuns or 
buildings are required beyond a light shed, 

The sinking havmg reached a point at which moderate quantities of watcr will be met with, 
menos must be wail for draining the bottom of tho excavation, The streams of water which 
enter the excavation h flasures in tho rock are called feodera. Surface freders are such as are 
in direct communication with the surface; these, of course, are influenced by the weather. Partial 
feeder are those which are in communication with a cavity containing water; they graduall 
decrease after being opened, and in timo become entirely exhausted. Permanent feeders are 
as derive their water from inexhaustible sources, and therefore continue without dinunution. The 
smaller quantities of water that escape from the strata into the excavation must be raived to aurface 
either in tubs or by pumps. The method of drawing the water in tubs is sufficient whenever the 
quantity of water is not r= Even when the quantity is oonmderable, it may be advantageously 

or winding is a far cheaper mode of raising water than pumping. 

Tho tub commonly used for drawing water is of iron, and is sumilar in shape to the kibble. The 

ay of these tubs is pha sane about 100 gallons, when it 1s intendod to draw by the engine. 
Tho tu nape g reagan by a bow turning on two pins placed a little bulow the centre of gravity, on 
the outside of tub. Besides the larger bow which turns upon the pins forming the pots of 
suapenasion, there is a amalier one fixed to the tub, and passing freely beneath the former. On one 
aide of the tub is a spring catch, whieh, by le hold of the larger bow, prevents the tub from 
tilting in the shaft. When the tub is raised full of water to the top of the shaft, the waiter-on 
seizes tho smaller bow, and, releasing the spring catch, pulls tho tub over, discharging she water 
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into « shoot, by which it is conveyed away. Tho positiod of tho centre of gravity a 
upon which the tub turns renders the o ion of Eph ah casy one, eves erro ceeee 

The objection to this form of tub, that it has to filied frosa above, may be removed by con- 
structing it with a valve at the bottom, through which the water can enter. When the tub is 
lowered into the water, the pressure of the latter forces up the valve, and the tub fills. When the 
tub is full, the valve drops upon ita seating, and retains the waber. empty the tub, it is lowored 
robe ® trough, when the projection of a apindle coming in contact with the planking, the valve is 

up. 

When the excavation has attained the depth of from 15 to 20 means must be provided for 
directing a sufficient current of air down to the workings. The alr-box will for some time give an 
adequate ventilation ; it consists of a wooden pipe, generally abunt 19 in. square, outaide dimensions, 

e of 1-in. or }-in. deal boards, the joints of which fit truly, and are tarred or pitched to ronder 
them ily ait Sete This pipe is fixed against the side of the shaft,and carried down to noar the 
bottom. order not to encumber the mouth of the shaft, the pipe, within « few fect of the bottom, 
is ieagide through the walling, and carried in an inclined direction to surface, at a convenient apot 
a few yards distant. Over the aperture of the pipe at this spota chimney is roughly built of bricks, 
in which a fire is kept burning, or into which a steam jet is turned, or instead of orecting this special 
chimney, the pipe may be put into communication with one already existing, the engino stuck, for 
example, As the lower end of the pipe cannot be brought close down to the workings by reason of 
the danger to which it would be exposed from the shots, a flexible canvas tube, callod a bag, is 
attached, which is dropped lower as the sinking proceeds. It will be necessary to keep a consider- 
able current of air passing through this pipe ; tor besides the large quantities of powder smoke that 
have to be carried off, carbonic acid gas, or choke dump, may exude from the joints and fissures in 
the rocks; and in passing through thin seams of ovals, or on approaching the thicker seama, 
blowers of inflammable may be met with, 

When the depth of the shatt has becume great, or carlicr if the rock {a foul with gan, the fore- 
going method of ventilation will be found insufticient, and recourse must then be had to tho plan 
of bratticing the shaft, that is, of dividing it by a wooden partition, called @ brattice. ‘The purpose 
of the bratticing is to divide the shaft into two unequal air-tight compartments, tho larger of which, 
devoted tu the drawing of the stuff, may serve as a downoast, and the emailer, reserved for the 

umps, as an upeast. The arrangement is of the same nature as that of the air-box, but tho 

ifference is that the brattice gives a very much larger airway than the box. When the brattice 
has been put in, the ventilation will proceed naturally, tho current deseending on one side, and 
ascending on the other side of the brattice, Under such conditions, howover, the air curront will 
not always descend through tho same compartment, the direction boing dependent upon external 
causes, as the direction of the wind, and the existence of objects affording shelter, When this 
natural ventilation has become insufficient, the top of the sinaller compartment ie planked over, and 
the space below pluced in comtounication with a chimney, through an inclined passage, as in the 
case of the air-box, or with a small fan. 

There are two methods adopted of constructing the bratticing, one known as the bunton system, 
and the other as the plank system. In the former, deal battens, 7 in. x Bin. in section, aro fixed 
against the sides of the shaft, one on opposite sides, frum the top to near the bottom. Ax these 
side or stringing planks are to form the support for the brattiomng, they must be finnly fixed to tho 
shaft. The method of fixing thom is to drill holes in the walling to a depth of not lesa than 12 in., 
and to plug these holes with wood to give » sufficient hold for the spikes. Where the shaft in lined 
with metal tubbing, the planks are spiked to the joiuts of the tubbing. At intervals of 3 ft. from 
centre to centre, the stringing plunks are provided with notches tu reoelve the onds of othor battens 
or the buntons, pluced horizontally from stringing plank to stringing eg reross the ahaft. These 
buntons are fixed to the side supports with nuils, and aro intended to support the cleading 
or sheathing which is to constitute tie brattico. This cleading conafate of fir bourda from 1 to 2 in. 
thick, according to the character of the biatticing, whether temporary or permanent, nailed 
vertically upon the buntona. ‘Fhese boards are planed true on the edges, so as to form air-tight 
junta, and in nailing them in position care is needed to keep the joints close, Whon the brattice is 
to be permanent, a thin stnp of wood or sliver is inserted into a groove ploughed in the cdges of two 
corresponding boards. 

The plank brattice ia of more simple construction, and is to be preferred an a permanent struc- 
ture. In this system of bratticing, two side planks are used apon each side of the shaft, placed at 
an interval of 3 in. apart, and the buntons are dispensed with. The brattice boards are 3 in. thick, 
and are placed horizontally, edge upon edge, by being slid down tho grooves formed on opposite 
sides of the shaft by the side planks. The joints in thie kind of bratuce are kept firm and sir- 
tight by planing the edges of the boards true and dowelling them with iron dowels, or preferably 
by meuns of ouk slivering. When iron tubbing is the latter in cast with grooves to receive 

e boards, in order tu dispense with the stringing pl Whatever the nature of the bratticing, 
it must not be carried, during the sinking, nearer to the bottom than 20 ft., because of the bad 
which might be caused to it by the firing of shots, Another procaution is to sccure the brattico from 
injury by the ascending kibbles, and consists in Bort beneath it, at intervals spurt so as not to 
materially impede the ventilation, sliding deals, similar to those placed bencath the cuvering of the 
shaft at surface. 

On resuming the sinking beneath the walling, the excavation is carried down in « line with the 
ieaode of toe Seren or a distance of about 3 ft., and from that point tually enlarged to 
the fall diameter. This enlargement should be propurtioned so as to inake the sidcsof the excava- 
ti ee ee eS t begins to that at which it terminates, form an angle 

P sbuut 60° th the horizontal. By means e kind of bracket is left for the support of 
walling. Beneath this bracket the excavation is continsed down of the full diameter. When s 
depth fas been reached at which walling becomes necessary, a wedging curb is luid, and the walling 
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is built upon it, till the lower portion of the rock bracket is arrived at. This bracket is then cut 
away in small portions at a time, and the walling carried up to the under side of the w curb. 
Du rig of the work, it will be necessary to support the wedging curb of the upper 

of walling, at the points from which the rock baa been removed, by verticel props set upon the lower 


walling. 
This portion of the sinking being ae Fiera Saas ard padi oan? bib be carried on by means 
of blasting. The details of these operations have been described under the bead of Blasting. The 
procedure in shaft sinking ia precisely that followed in a heading, and the first operation consists in 
unkeying the face, effected by angling the shot holes. The unkeying is from the centre of the fuca, 
that’ is, the bottom of the excavation. When the strata are highly inclined, however, it is better 
to unkey from one side of the excavation. The water which flows into the workinga must be col- 
lected into one place, both for convenience in raising it, and for the pu of keeping the surface 
of the rock clear for the sinkers, The depreasion caused by the seqioval of the key serves for the 
urposs of collecting the water, and is called on that account the sump, or well. Into thie sump 
tub dipe, or, if pumpe are used, the suction hose is dropped. When the rock beds are highly 
inclined, the water gravitutes towards the dip side of the excavation, and it therefore becomes neces- 
sary to place the sump in that situation. eunkeying of the rock from this direction is, more- 
over, fuvourable to action of the shote under the conditions of highly inclined beds. In 
utting in the shot holes, caro must be taken not to terminate them in, or nearly in, a bedding’ plane, 
usc when #0 situate the force of the charge expends itself along this plane. 

When the shot holes are bored by machine drills, the moat favourable position for the holes can- 
not always be adopted. 

The lasting, especially if the shot holes have been bored by machine drills, leaves the sides of 
the excavation in very rough state. These will, therefore, require to be subsequently dressed down 
by hand with the pick and the wedge. 

The sinking and walling of the shaft will be continued through the rock until water-bearing 
beds are met with. Down to this point all the infiltering water has been raised to surface, without 
much difficulty, in tubs, or by means of small pumps. But when heavy feeders are met with, it 
becomes important to stop thom back. This is accomplished by a water-tight wooden or cast-iron 
lining, called tubbing, which is fixed in the shaft throughout that portion which paases through 
the water-bearing beds. Brick walling has been armies as tubbing, but is not suitable, and is 
very ay used. Wooden tubbing, in England, has been almost ontirely abandoned in favour of cast 
iron, It is, however, still very commonly adopted on the Continent of Europe, and where timber 
is plentiful. 1t 18 therefore desirable to describe this kind of tubbing, and the method of fixing it 
i ae shaft, particularly as many of the operations of fixing the tubbing are identical for both 

nds, 

Tho sinking beneath the last wedging curb spel aekary the walling is carried down a fow feet in 
a lino with the inner fnoe of the curb, to form a support for the latter, and then gradually laid off to 
the diameter, in the case assumed, of 15 ft. 61n., for metal tubbing; and to about the same diameter 
for wooden tubbing. From this point, the sinking should be carried down through the permeable bed 
to the imperious beneath with all poesible speed. Whon s water-bearing is pieroed, the water, 
which is often under great pressure, issues in great abundance into the excavation, and this ubun- 
dance increasca as the water clears itself a through the interstices of the rock. When the 
impervious bed has becn reached, the sinking will be brought into its net size of 13 ft.. and con- 
tinued down till a good foundation is found for the wedging curb. At this point, the sinking, after 
being carried down 4 or 5 ft. farther to form a sump for the water, will be shorn back to receive the 
wedging curb, Tho latter is of ouk, and similar to that used for the walling, but of somewhat larger 
rocuional dimensions; the joints require to be fitted with greater care, thin alit deals being placed 
between them, and the rock bed must bo prepared and levelled with perfect accuracy for its reoep- 
tion. As the wedging has a tendency to hit the outer edge of the curb, the bed should have a slight 
Mielec We hat , #0 that the upper surface of the ourb may be perfectly level when the wedging 

com pleted. 

When laid in position, the wedging curb should be everywhere about 23 in. from the sides of 
the excavation, 80 as to loavo an annular space of that width between it and the rock. Care should 
be taken to ace that the rock be perfectly sound in this part; if joints or amall fissures exist, they 
must be well stopped with olay, or, in some cases, caulked with oakum. A fir sheathing 1} in. 
thick is placed next the curb in the annular s between it and the rock; the breadth of this 
sheathing is a little greater than the depth of the wedging curb, so that when in position it atands 
® little above the latter. When the shaft is circular, saw-cuts at every 3 in. across the sheathing, 
that is, at right angles to its length, will be required, to enable it to adapt itself readily to the shape 
of the curb. The fir shoathing ia forced into close contact with the curb by moans of wedges driven 
in ut apo and the space between it and the rock is filled in with moss or with oakum. The 
moss must be forced in until it is incapable of further compression, when the wedges will have to 
be withdrawn, and their places also filled with moss. The prop, which is set upon the joint of the 
nee and made to bey against tho rock above, is ncoded to prevent the ourb rising during 

e operations of wedging. 

The carb is now ready for wedging, which is performed in the following manner. Between the 
curb and the sheathing, carefully prepared bbe er are driven in, to force the sheathing and the 
moes behind it firmly back against the rook, so the curbing, when finished, shall make a per- 
feotly water-tight joint. The bea are of soft wood ; poplar, where thia is readily procarable, as 
in Franco ; and fir in other Jooali It is essential that these wedges be uniform in dimensions. 
In form, thoae first applied will be broad and flat; Se a een: & 0 bata tea Stee, 
called spiles, will be required. The flat are inserted close together 
edge being slightly driven in to keap them in position. When all the wedges are inserted, 
are driven in as equally and as nearly cimultancoualy as possible. The next operation is 40 
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the wedges. An iron wedge, of greater thickness than the wooden ones, is driven in for the 
pose of loosening the wooden wedge next to it, by taking the pressure from the sheathing. en 

is freed, it is taken out, and another one substituted for it, head downwards. A second 
wedge of the same dimension is then inserted, point downwards, between the upturned point of the 
first and the sheathing. 

When the wedging has been completed up to this point, a quadrangular iron wedge, stecled at 
the tip, is driven in successively between the flat wooden wedgea, for tho purpose of insorting the 
point of a fir spile. These spiles are driven into the interstices betwoen every two wedges, until 
they refuse to etrate her. When these are all driven down, the whole of the curbing is 
tightly w n all directions, and the moes has become so comprossed as to be hanily visible : 
the heads of all the wedges and spiles are then adzed down. Next, tho heads of all the flat wedges 
are cleaved with a steel-tipped iron wedge, and onk spilea, previously well dried in an oven, are 
inserted in the cleft, and driven in as far as they will go. The operation of cleaving the wedges ia 
continued as long as a spile can be made to enter. hen no more can be got in, the whole is adged 
down to a level surface, and the curbing is then complete. Somotimes throe such curbs are laid : 
but commonly there are but two. It is important that the wedges should be put in dry, because 
when in that state their dimensions are at a minimum, and by swelling, on exposure to moisture, 
they still further tighten the joint. It is for this purposo that the last wodges inserted are dried im 
anoven. Precisely the same method of fixing the wodging curb is adopted when the ahaft is poly- 
gonal, as frequently on the Continent. 

When the wedging curbs have been laid, the tubbing is built upon them. This tubbing consists 
of wooden curbs, constructed similurly to the wodging curbs, and built up ono upon another 
throughout the whole length of the shaft to be tubbed. ‘These curbs are genorally about 8 in, 
broad on the bed, and 10 in. in depth, They need not be all of the samo depth, and their 
thickness will be determined by tho pressure which they will be required to support, and will, 
therefore, diminish aa the tubbing mses towards the surfaco. The beds of the curbs should be tmly 
dressed, in order that a water-tight joint may be mado subsequontly by merely caulking 1. Whon 
the height of the tubbing is considerable, a broader curb, called a bearing curb, ia put in at inter. 
vals of 8 or 10 yda., and firmly wedgod against the rock. Theso bearing curbs take the weight of 
the tubbing off the wedging curbs at the bottom. Tho space behind the tubbmng ia filled up with 
strong conercte. This concrete backing penetrates into every hollow and fissure, and on hardening 
it forms a strong protective casing around the tubbing. The cxistonco of such a casing grostly 
facilitates the operation of replacing a faulty curb after tho completion of the shaft. 

In the case of iron tubbing, the wedging curbs are of cast iron, and hollow, sometimes open on 
the outside and sometimes on the inside, and divided at intervals by glance to vive strength to 
the curb. The hollows between these partitions are filled with oak. In some casos, tho curb in not 

non either side. Generally, these curbs are about J3 in. broad, and 6 or 7 in, in depth, the 
thickness of the metal being about 1} in. Cuat-iron curbs are put together in segmenta, and Inid 
upon a bed of $-in. fir sheathing. Oak sheathing is inserted between tho joints, which are made tim by 
wedging. This sh¢ athing should be cut and placed in such a way that the gram may run towns the 
centre of the shaft, and it should be made to taper from the vnter towards the inner face of the curb, 
say from a thickness of 1 in. on the outside to § in. or § in. on the inside, The mothod of fixmg tho 
iron wedging curb is the same as that adopted for the wooden curb. Sometimes a wooden wedging 
curb 18 first Jaid, and an iron one then faid upon it; more frequently, two iron curbs are Inid ono 
upon the other. 

The plates of the tabbing, like the wedging curbs, arc cast in segments, the dimenmons of 
which require from cight to twelve to form a circle of tubbing. These segments vary from 12 in. 
to $6 in. in height, accurding to the pressure they are to withstand, and from 2 in. to 14 in. in 
thickness. They aro smooth on the inside ao as to form a regular surface in the shaft, buton the 
outside, vext the rock, are strengthened by ribs and flanges, supported by brackc ta, These flanges 
form the cdges of the segment, and they should be cast pertectly true, so a8 to form a regular joint 
when two segments are brought into contact. The oP and one of the side cdges are providid on 
the outside with a projection or flunge, to retain the Joint sheathing and two adjoining seginenta in 
their positions. Every segment has a hole in the middle, to allow the water to exeape during the 
o tions of setting. This hole is made use of m Jowenng the scgments and in placing them in port- 
" il The method of setting the segments 16 as follows. A shcathing of pitch pine, 3 in. or fin. thick, 
is laid upon the upper surface of the wedging curb, to form the joint between it and the first CONTE 
of tubbing ; the breadth of this sheathing will be from 4 to 5 in. A course of tubbing w then set 
upon this bed all round the shaft, and fir sheathing, from 3 in. to } in. thick, is placed between 
the joints, in the aame manner as was required for the wedging curb. In order to close up the 

oints and to steady the tubbing in position, two strips of wood, 1 in. thick and from 4 in. to 6 in. 
bed may be placed behind the vertical joints, between the tubbing und the rock; and a third 
strip, thinsed off towards the end to form a wedge, driven down between them. The space hetwoen 
the tubbing and the rock is next filled in with loove rock from the excavation, or preferably, with 
gvod concrete. When the latter is used, it will be well to remove the wed 1D strips behind the 
vertical juints as the concrete is put in. Upon the top of this first course of tabbing, pine sheath- 
ing is laid to form the horizontal joints between the courses, and a second course ia at up upon 
this, and fixed in position in the same manuer as the first, The verticn) joints of the second course 
must be over the middle of the ents forming the first eourse. These i line are repeated 
until the stune bracket su ing the wedging carb beneath the walling is reached, This rock is then 
cut away sulficiently to afford room for the tubbing, Icaving s portion of the thickness to mpvert 
the wailin and tho tubbing completed up to the weiging curb. The joints have now to be 
tightened by wedging; beginning at the bottom, incisions are made with a broad chisel in the 
sheathing, and broad @at wedges ave driven into the clefts thus made, These wedges are about 
4 in, broad and Zin. thick at the head. When the joints have beon filled with these, s square-pointed 
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steel tool is used to make fresh incisions, end spiles or square of the same thickness are 
driven in wherever possible. Tho eos between the top course of tubbing and the wedging carb 
beneath the walling must also be tightly wedged. The plugging of the holes in the centre of each 
t is also commenced from below. Wiien the head of water is great, there is some diffi- 
culty in inserting the plug on account of the force with which the water issuce. After the plug 
has been driven in as ti Bly as possible, the head is cleaved with a chisel, and an oak wedge 
driven into the cleft to increase tle hold of the plug. Care must be exercised in plugging not to 
roceed too rapidly, because it is necessary that any air or gas that may be imprisoned behind the 
tabbing should be allowed to escape. ; 

As the corroding action of water is very destructive to cast-iron tabbing, means must be adopted 
for protecting it. A thick coating of tar or of paint will be found sufficient in some situations. 
When the shaft is an upcast, and the mine is ventilated by furnace, or when there are engine fires 
underground, the destruction of the tubbing may proceed rapidly, and a lining of brick may be 
inserted; but such a lining renders it difficult to repair the tubbing or to stop a leaky joint, and 
when a lining of this nature is contumpluted, the diameter of the excavation must be determined 
accordingly. Sometimes a lining of wood is put in to protuct the tubbing, and should consist of 
deals 2 in. thick, having their edges properly bevelled to form close joints, 

Cast-iron tabbing is more difficult to construct and to repair than wood tabbing; but it is far 
more durablo under ordinary conditions, and it is capable of resisting a much greater pressure of 
water. The wood tubbing may be used with safety down to a depth of 100 yds.; but for greater 
depths iron tubbing is alone suitable. The thickness of cast-iron pee will be determined, as 
far ne tho exigencies of practice will allow, by the pressure which it will be required to sustain. 
Tho following formula gives the maximum thickness for segments not exceeding 2 ft. in dopth, 
H being tho head of water, and D the diameter of tho shaft, in feet, and T the thickness of the plate, 


in inches ,— 
T = 0°35 + 0°00025 HD. 


In practico, tho thickness is goncrally varied at every 25 ft. 

There remains to be doseribed another method of supporting the sides of the oxcayation during 
sinking to the stone head, adopted in the Lancashire districts, which dixpenses with wood entirely, 
except for the walling curbs, This method is known as backcasing, and consists in omploying 
bricks laid dry, in the place of the wood required in curbing. 

The shaft is laid out with a diameter 20 in. greater than that required for the permanent 
walling, and carried down as far aa the sides will stand safely. A walling curb, similar in 
construction to those deseribed for the permanent walling, but of larger diameter, and smaller 
sectional dimonsiona, 9 in. x Sin, is thon laud upon a carefully levelled bed at the bottom of the 
excavation, A walling of dry bricks, one bnck thick, is built up upon this curb to surface. The 
sinking ia then rosumed with a diameter cqual to the inside of the curb, and continued down 
another 6 ft. At this depth, the sides of the excavation are shorn back at one part for a width 
equal to the length of ono of the segments of the curb, and a segment of a new carb put in. Punch 
prope will be required to support tho curb beneath the walling at this point, from which the undcr- 

ying bed has been removed. Upon this segment, a new length or course of walling is then built 

up, and tightly wedged to tho firat walling curb, go og to afford a good support to the latter, The 
wedges uacd for this purpose should be broad and thin, and preferably of tir, An adjoinmg portion 
of the sides of the excavation, equal im width to the first, 1s now shorn back, and a Kcecond segment 
of tho ourb laid und bolted to the first, and the walling carried up on this segment and joiued by 
wodging to the apes curb, These operations aro repeated until the whole of the curb bas been 
Jaid, and the circle of walling put in. When this has been secomplished, the sinking is carried 
down in a line with the inside of the curb through another 6 ft, and the sides shorn back or walled 
aa bofore upon a third curb. This mode of procedure is continned until the stone head is reached. 
If the work has been carefully executed, this backeasing will be nearly as strong as the permanent 
walling. When tho stone head has been reached, the permanent walling is Silt up inside the 
backeasing. Thus, unlike the wooden carbing, the brick backeasing is lett behind the permanent 
walling, whe nee its name. The support afforded by this system of backcasing is superior to that 
obtained fram the wooden curbing. 

In carrying a sinking down to the stone head through beds of quicksand, or loam raturated 
with water, an enormous pressure develops iteelf agamst the timbering. Instead of placing the 
ourbe at intervals apart of 3 ft., it may be imporsible to exoved 6 in., or it may even be neoe: to 
ae them in contact with one another. Also the strength of the curbe must be augmented by 
noreasiug their dimensions up to a sectional area of 6 in, x 6 in. The fluid character of the sand 
Constitutes a very groat difficulty im sinking, because the issue of the sand into the excavation 
ooossions tho falling in of the sides and the surfave, besides the necessity which it orcates of 
removing an indufluite quautity with the water to be lifted. When the water is under great 
pressure, this difficulty is insunnountable. 

There are wveral methods of ainking through quicksand, but the gencral and most effective, 
whon tho sands exist near the surface, is by piling; that is, by driving planks cluse together 
vertically around the shaft, and supporting these internally with curbs, hen this method of 
pan through the loose ruck is to be adopted, the shaft must be laid out of a sufficiently large 

iamoter to allow of the suocessive reductions which will have to be made at each course of piling. 
To do thia accurately, it is necessary to know exactly the thicknoss of the beds, which must. de 
ascertained from existing shafts in the locality, or if none be available for that purpose, by yt 
Tt ia aeldnm that the former source of information is sufficient, and poole oa mn: 
regarded as ly necessary. <As the ourba to be used are 6m. x 6 in., pilings in. 
thick, every freeh course of pi ing will diminish the diameter of the excavation by 18 in. 
piles 15 ft. long, a fresh course will be required at about every 12 ft, vo that the redaption of tha 


